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HP scopes make digital designs 
easier to understand. 


Now there's a way to get 
the information you need. 


Experience is the best teacher. 
And since 1980, HP has developed 
digitizing scope technology to help 
you understand how well digital 
designs are working. Or why they 
aren't. 


When high-speed signal integrity 
issues are problems, the 50 GHz 
HP 54124 helps you learn why. If 
you need to make precision single- 
shot measurements, you can't go 
wrong with the 1 GSa/s, 4 channel 
HP 54512. And for general-purpose 


use, the HP 54600 offers the look 
and feel of analog with the power 


of digital. 


And scopes are only part of the 
picture. HP’s unique high-speed 
digital symposium sheds light on 
leading-edge digital design 
issues. In-depth information on 
techniques and methods is avail- 
able through seminars, applica- 
tion notes, and HP’s worldwide 
network of field engineers and 
product specialists. 


So, if you want a better under- 
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standing of digital designs, call 
your local HP sales office, or one 
of the numbers listed below. And 
find out how HP can help you find 
the answers. 


There is a better way. 
HEWLETT 
i} PACKARD 


United Kingdom (0344) 362-867 ¢ Spain (900) 123-123 
France (1-69) 82-65-00 ¢ Italy (02) 95-300-134 
Netherlands (020) 547-6669 ¢ Germany (06172) 16-0 
Singapore (65) 291-8554 e Taiwan (886-2) 714-8740 
Hong Kong (852) 848-7070 ¢ Korea (82-2) 784-2666 
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Gives You the Big Picture. 


Introducing OmniSys 
Version 3.5. 


Analyzing communication 
systems and complex modulated 
signals with the usual simulators ? 
Time- and frequency-domain 
simulators like SPICE and 
harmonic balance are great, but 
circuit simulators don’t give you 
the big picture. OmniSys® EEsof’s 
system simulator, gives you the 
new insight you need! 


OmnisSys lets you simulate 
system performance in the 
modulation-domain so you can see 
how your system will work with 
today’s chirp, MSK, pi/4 DQPSK, 
and other complex modulated 
signals. Look at BER I-Q 
constellations, spectral regrowth, 
AM/PM distortion, and more. 
Youll see the effect of hardware 
trade-offs on your complete 
transmitter and receiver and 
youll get your system to market 
faster without costly redesigns. 


Circle No. 1 


See the Big Picture with 
OmniSys. Ds 


Contact us 

for literature 

at (800) 

34-EESOF... oF, 

if you prefer, 

by FAX at 

(818) 879-6462. 

In Europe, call (49) 8105-24005 or 
FAX (49) 8105-24000. 


Breaking the Barriers... 
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» Install Data Acquisition Board 
2. Turn on Computer 


3. Launch LabWindows 


W hen you start LabWindows; you'll from low-cost to high performance. Select — For a free LabWindows 
have all the software you need to from A/D, D/A, digital |/0, timing!/0, Demo disk and your free 


develop your data acquisition and control or DSP boards for the PC/XT/AT/EISA copy of DAQ Designer call 
system. LabWindows is a data acquisition, and IBM PS/2. And now, with our us at (512) 794-0100 


data analysis, and graphical presentation  DAQ Designer system configuration or (800) 433-3488 
system —all in one. And it’s backed bya —_ software tool, you can easily determine U.S. and Canada 


complete line of plugin boards and SCX! —_the best plug-in boards and signal » NATIONAL 


signal conditioning modules. conditioning products for your application. INSTRUMENTS° 


The Software is the Instrument ® 


The Choice for Data Acquisition If you're ready to launch your {6504 Bridge Point Porkwoy 


With LabWindows, you can use any data acquisition development, bustin, TX 78730-5039 
National Instruments plug-in board ranging ‘Take a Look at LabWindows. Fox: (512) 794-8411 


BRANCH OFFICES AUSTRALIA 03 879 9422 © BELGIUM (02 757 00 20° CANADA 519 622 9310 ¢ DENMARK 45 76 73 22 © FRANCE | 48 65 33 70 e GERMANY (89 714 50 93 
ITALY 02 48301892 ¢ JAPAN 03 37881921 © NETHERLANDS 01720 45761 e NORWAY (3 846866 © SPAIN 9] 896 0675 e SWEDEN 08 98 49 70 ¢ SWITZERLAND 056 45 58 80 ¢ U.K. 0635 523545 


Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies. © Copyright 1992 National Instruments Corporation. All rights reserv 


See us at Electro, booth 2201 Circle No. 2 





THE TEMPUS™ CONNECTOR FROM ITT CANNON PROVIDES FASTER SIGNAL SPEED AND SPACE 


Even if 


SAVINGS. BOTH ARE ESSENTIAL WHEN DESIGNED FOR FUTUREBUS+. THIS INTERCONNECT 


you're 


SYSTEM MEETS WORLDWIDE DEMAND FOR HARD METRIC IN 2 MM PITCH. FOR DESIGN 


not into 


FLEXIBILITY, THE MODULES ARE STACKABLE. FOR INCREASED ELECTRICAL 


Futurebus+, 


PERFORMANCE, THE TEMPUS CONNECTOR HAS A SHORTER 


this connector's 


STUB LENGTH AND IS DESIGNED WITHA 45 ° CONTACT 


still 


ANGLE. LAPTOPS TO MAINFRAMES, IT MEETS HIGH 


killer. 


DATA RATE TRANSMISSION REQUIREMENTS. 
CIRCLE NO. 3 


~ [TT Cannon 


1851 E. DEERE Ave., SANTA ANA, CA 92705-5720 (800) 845-7000 
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The 40 MHz PLD with 
Gate Array Capacity 


If you want PLD design convenience with 
the density of FPGAs or gate arrays, Cypress 
has the best way to get you there without 





Soria Ae! delay: our new MAX CY7C341 EPLD. 
full utilization of MAX 341’s exclusive Logic Array Block 
7,500 gates. (LAB) architecture always affords you the 


shortest interconnect path. Data glides 
between the 12 LABs with a singular, 
predictable interconnect delay. Count on 
full, 7,500 gate utilization, with no drop-off 
from MAX’s 40 MHz performance. And MAX 
341’s nonvolatility and built-in security bit 
give you extra safety and stability. 

Since MAX 341 is a field-programmable 
EPLD, you cruise above the NREs that can 





FPGA/Gate Array 
Architecture: prepare 
for lots of delays (speed 
depends on routing). 


*In Europe, fax your request to the above dept. at (32) 2-652-1504 or call (32) 2-652-0270. 


In Asia, fax to the above dept. at 1 (415) 961-4201. © 1992 Cypress Semiconductor, 
3901 North First Street, San Jose, CA 95134. Phone 1 (408) 943-2600, TELEX: 821032 


cS 


0 


rogram 


g 
Seminars | Area. Don 


1-800-85 





NOW TAKING OFF-MAX EPLD. 


cloud gate array solutions. You save even more in design-in 
time with MAX’s PC-based development kit, which enables 
you to have a programmed solution in hours, not months. 
Catch the entire MAX family of 28-, 44-, 68- and 84-pin 
devices in both (erasable) windowed ceramic or plastic 
packages. Call the Cypress hotline today for your free MAX 
information, including brochure and Data Book. Our Field 
Applications Engineers are ready to show 
you how MAX 341 can make your designs fly. 


FREE MAX INFO HOTLINE: 
1-800-858-1810* 
Ask for Dept C41. 


PROGRAMMABiE 
Logic 


DEVICES 





CYPRESS SNJ UD, TWX: 910-997-0753. MAX is a registered trademark of Altera Corporation. 














On the cover: When you talk about Win- 
dows, what often comes to mind is its 
user interface. A look at Windows’ inter- 
nal mechanisms, however, reveals an 
equally important perspective from 
which to weigh its pros and cons for use 
with engineering software. (Photo cour- 
tesy Mathsoft; design by Liz Schweber; 
photography by Peter Jones, Advanced 
Photographics, Custom Laboratory 
BeevInee) eee se PAGE 122 


EDN Magazine offers 
Express Request, a 
convenient way to 

retrieve product 
information by 
phone. See the 

Reader Service Card 

in the front for 
details on how to 
use this free 
service. 


Expressi\tt 
Request 
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SPECIAL PROJECT 





EDN’s hands-on FPGA project 


If you’re considering designing with FPGAs, this 8 
2-part hands-on design project will show you exactly 9 
what is involved.—Doug Conner, Technical Editor 





SPECIAL REPORT 


Windows and engineering software 


Fast 386/486 PCs have more than enough horse- 
power to run formidable engineering programs under a 1 Z Z 
multitasking, virtual-memory operating system. The 

question is, does Windows 3. X have what it takes? 

—Charles H Small, Senior Technical Editor 






DESIGN FEATURE 
Improve reliability by rigging 
pc boards for in-circuit programming 


By using some practical guidelines, you can rig a pe 
board’s layout to meet commercial in-circuit-program- 1 4 5 
mer specifications.—Barry M Clark, 

Stag Microsystems Inc 


Design software links active- [biSaammnddllebeaube 


filter performance with real devices 


Analog filter-design software helps to not only per- 4 
form filter designs’ obligatory math quickly, but some 5 
programs can also select the right active and passive 

components to implement the filter.—Anne Watson 

Swager, Technical Editor 


Continued on page 7 
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Electronic Business Asia 
reaches 41,001 managers 
in electronics, computers 
and systems companies 
(ABC-UK audited— Dec. 


1991 BPA audit pending). 


6 = EDN April 9, 1992 


Now with these 2 powerful publications 
you can reach and deliver your message to 
the most powerful buying influences in 
the Asian electronics industry. 


For more information, contact: 
Al Furst, Publisher, Electronic Business Asia 
or Jack Kompan, Publisher, EDN Asia 
Hong Kong ¢ Tel: 852-572-2037 ¢ Fax: 852-838-5912 
U.S. ¢ Tel: 617-558-4274 © Fax: 617-558-4705 


Launching in May 1992, EDN Asia 
will reach 28,000 electronics 
engineers and engineering 
managers (BPA audit pending). 


= Business Asi¢ 
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Content-addressable memories: MAMuAMAUARUels 


FDDI routers and bridges create niche 


Content-addressable memories (CAMs) quickly com- 
pare input data to stored data. FDDI’s 100-Mbps speed 6 1 
has created a commercial demand for these memories. 


—John Gallant, Technical Editor 
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When Every Nanosecond Counts 

Squeeze critical nanoseconds from your high-speed logic interface with 
the fastest FCT logic available. IDT’s FCT-CT family offers speeds that 
are 50% faster than standard FCT or FAST logic families — as fast as 
3.4ns (typical)! 


The Perfect System Solution 
As a system designer, you need the perfect combination of: 


]. Fastest speed 
2. Low ground bounce 
3. Low power consumption 


FCT-CT logic has true TTL compatibility for ease of design. The reduced 
output swings and controlled output edge rate circuitry ensure low 
system noise generation. No other technology offers higher speeds or 
lower power consumption. 

The FCT-CT family is completely pin- and function-compatible with FCT 
logic, and is available today in all standard packaging. 





PROPAGATION OUTPUT OUTPUT 
FUNCTION DELAY (Max) ENABLE (Max) DISABLE (Max) 
Buffers 4.1ns 5.8ns 5.2NS 
Transceivers 4.1ns 5.8Ns 4.8ns 
Registers 5.2NS 5.ONS 5.0ns 
Latches 4.2ns 5.9Ns 5.0ns 





Free Logic Design Kit 
Call our toll-free hotline today and ask for 
Kit Code 3061 to get a 1991 High- gem 
Speed CMOS Logic Design Guide 
and free FCT-CT logic samples. 





(800) 345-7015 ° FAX: 408-492-8454 


The IDT logo, CEMOS, BiCEMOS, and R3051 are trademarks of Integrated Device Technology, Inc. 


CIRCLE NO. 5 














astast ache solutions for RISC and CISC 
CPUs. 36+ ultra-high-speed sub- ge 
micron SRAMs for 33MHz processing & = 
beyond are in the SRAM Data Book. 





35mips RISC CHIPS AND MODULES 
-R3000A for the most mips at any MHz; 






R3051 for CPU, cache, & 
buffers on one chip. Modules, 
eval. boards & software com- 
plete the family. See them in the - 
RISC Data Book. 


HIGHEST-PERFORMANCE MEMORIES 
Fast FIFOs, dense dual-ports, BICEMOS 
ECL, & memory modules. 120+ FIFOs 
. Peed aha bial Gls on bns ECL, & 





Specialized Memories Giigaiaiam 
Data Book. ¢ 


Call today for your 
new IDT data books 
with complete tech- 
nical specifications 
and application 
information. 





\ Integrated 
Device 
Technology, 
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A summary and analysis of articles in this issue 





Te editors of EDN Magazine 
edition did a lot of poking, 
prodding, and tire kicking to bring 
you the stories in this issue. For 
starters, you'll find the first install- 
ment of Technical Editor Doug Con- 
ner’s 2-part, hands-on FPGA series. 
As with most of EDN’s hands-on 
series, this article blossomed from 
Conner’s curiosity about some as- 
pect of design; in this case, FPGA 
design. Rather than just telling you 





about the available design tools or 
interviewing some existing users, 
Conner wanted to let you know— 
first hand—just how easy or diffi- 
cult it is for an experienced design 
engineer to learn how to use FPGA 
development tools. 

He started just where you would, 
by defining a product that he want- 
ed to design. Then he designed and 
built it using an FPGA as a key 
component. Along the way he took 
a class that taught him how to de- 
sign with FPGAs, he learned how 
a simulator can prevent you from 
venturing down blind alleys, and he 
faced that moment of truth when 
the power is first turned on. All 
told, he had a lot of fun. 

In this issue’s Special Report, 


Senior Technical Editor Charles 
Small looks under the hood of Mi- 
crosoft Windows to gauge its suit- 
ability for engineering applications. 
Small also interviewed several soft- 
ware vendors and found them di- 
vided on their intentions regarding 
Windows. Some are converting 
their applications programs, others 
aren't. As part of his investigation, 
Small became one of the 12,000 beta 
sites for Windows version 3.1. 

Technical Editor Anne Watson 
Swager also tried out some soft- 
ware for her Technical Update on 
filter-design packages. She discov- 
ered that most of these packages 
create designs for either switched- 
capacitor or continuous-time filters 
but not both types. Consequently, 
these software products are most 
helpful when you already know the 
type of filter you want to use. 
They’ll save you time by automat- 
ing the filter equations so you can 
leave the filter textbooks on your 
bookshelf. However, if you need 
help in deciding between filter 
types, or if you’re trying to create 
an unusual filter, you might not be 
satisfied with most filter-design 
packages. 

Finally, Technical Editor John A 
Gallant discovered a recent innova- 
tion while researching his Technical 
Update on content-addressable 
memories (CAMs). A lone inventor 
in Boulder, CO, has developed a 
method that makes CAMs out of 
conventional RAMs through a de- 
cidedly unconventional architec- 
ture. See the sidebar in Gallant’s 
Technical Update for more details. 


Steven H Leibson 
Executive Editor 






Technical 
calculations 
made easy! 


ALL NEW VERSION 3.0! 
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Now its easier than ever 
to perform faster, more 

reliable engineering and 
scientific calculations. 


Windows graphics features make Mathcad 
3.0 the simple solution to complex 
analytic needs. Dialogs, pull-down menus, 
and mouse point-and-click capabilities make 
it easy to combine equations, text, and 
graphics right on your screen and print it all 
in a presentation-quality document. 

e New Electronic Handbook Help facility 
serves as an on-line reference library. 
Paste standard formulas, constants, and 
diagrams from searchable, hypertext 
Electronic Handbooks for instant use in 
your Mathcad worksheet. 

¢ Symbolic calculations with a simple menu 
pick. Use expressions resulting from sym- 
bolic derivations in your numeric calcula- 
tions or for further symbolic manipulation. 

¢ Mathcad works on PC DOS, PC Windows, 

Macintosh, or UNIX. More than 120,000 

engineers, scientists, and educators 

already use Mathcad for a variety of tech- 
nical applications. Applications packs are 
also available to customize Mathcad for 
particular disciplines, including electrical, 
mechanical, and civil engineering and 
advanced math. 


































Call 800-MATHCAD or use this 
coupon to request a free 3.0 


demo disk! 
In Massachusetts, call 617-577-1017. Please 
specify diskette size: 
fol3. 1f2F LJ} § 1/4" 
For a free Mathcad 3.0 Introductory kit, clip this 


coupon and mail it back to us, or fax it to 
617-577-8829. Or circle your reader service card. 


|_| Yes! Tell me more about Mathcad 3.0! 


Name 











Title 







Company or Institution 
Address 
City 
Phone( 














State____Zip 











) 








Mail this coupon to: 












Math Soft  MathSoft, Inc. 

PEP eK Tow mre ig igs 201 Broadway 
Cambridge, MA 02139 
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Soon, Eight Ho 
Computing Wil 





(actual size) 


AMD Introduces The Worlds First 
386 Microprocessor With 3-Volt Technology. 


Two standard dry-cell batteries. There's Thanks to the low-voltage Am386 micro- 
really nothing special about them. Aside from processors, laptop, palmtop and notebook 
the fact that they can run a powerful, quegsgee COMputer designs will become smaller, lighter, 
portable 386 computer for a full Yee. and more powerful than ever before. 
eight hours. Provided, of course, that With battery life of up to eight 


portable is built around a low- & hours or more.That’s a full day's 
voltage Am386"microprocessor awiaélein POFPmciwing. »- WOTtH Of 386 performance—the per- 






901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc."We're Not Your Competition’ is a service mark and Am386 is a trademark of AMD. All other brand or product names are trademarks or registered 
trademarks of their respective holders. DURACELL is a registered trademark of Duracell International, Inc. * For more information write"3-Volt Am386" on your letterhead and mail to, in Europe: AMD Mail Operations, PO. Box 4, Westbury-on-Trym, 
Bristol BS9 3DS, United Kingdom: in Asia: Advanced Micro Devices Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong; in Japan: AMD Japan Ltd., Shinjuku Kokusai Bldg., 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 
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urs Of Portable 
LOOK Like This. 


formance you need to run sophisticated Am386 microprocessors contact your local 

applications like Windows”3.0, sales office, listed below. You'll never look at 
And rest assured, the low-voltage Am386_dry-cell batteries the same way again. 

microprocessors are proven compatible 

and comply fully with JEDEC standards for 

low-power, 3-volt computing. We can even | “ey 

supply you with the 3-volt EPROMs your sys- at 

tems will need. Other 3-volt system logic ° ° 

is also readily available. Advanced Micro Devices 


For more information on the low-voltage “Were Not Your Competition’ 


International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 24061: Hong Kong 86 54 525; London area (0483) 740440: Manchester area (0925) 828008; Milano (02) 3533241; Munchen (089) 4114-0; Osaka (06) 243-3250: 
Oslo area (03) 010 156; Paris(1)49 75 10 10; Seoul (02) 784-7598; Singapore (65) 348 1188; Stockholm (08) 986180: Taipei (02) 721 3393; Tokyo (03) 3346 7550. 
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The myth of mass. 
Many say, "Size is power." 
We say different, but 
understand a few of you 
may have doubts. Sometimes it's just 
hard to believe a device so small can 
dissipate so much power. A full 2 watts. 

But LITTLE FOOT™ does. 

It also delivers the highest current 
rating available, up to 3.5 amps, in a tiny 
SOIC-8 package. This results from a 
combination of our unique copper lead- 
frame design that conducts heat directly 
from the backside of the die to optimize 
thermal performance, and our SiMOS 2.5 
(2.5 million cells/sq.in.) technology that 
creates the industry's highest power 
density and lowest on-resistance. Just 
what you need for motor control, load 
switching, and DC/DC conversion in 
applications where space and heat are 
critical constraints. 

How else can you design one or two 
powerful MOSFETs into your system in 
less than five one hundredths (0.05) of 
a single square inch? 


© Copyright 1991 Siliconix 
LITTLE FOOT is a trademark of Siliconix 


BUNKING THE MYTH 


Use the world's smallest evaluation 
board... and see for yourself. 
Siliconix simplifies circuit testing by pro- 
viding you with a mini-evaluation board. 
It's only 2" x!" Just solder LITTLE 
FOOT to the mini-board and drop it into 
your socket. It takes only a few minutes 

to prove to yourself that 2 watts can be 
dissipated easily by this remarkable 
SOIC-8 packaging technology. 


LITTLE FOOT is designed for 
manufacturability. 

LITTLE FOOT simplifies your assembly 
process because Siliconix’s SOIC packag- 
ing is compatible with the digital devices 
on your board. And its two-MOSFET cap- 
ability means you use fewer components 
and get higher system reliability. 

LITTLE FOOT cuts your costs and 
reduces set-up time. And there are no 
solder voids, no lead trimming, and no 
tube jamming. It can also eliminate steps 
in your production cycle to get your 
product to market faster. 





PULSE DURATION 
| hi Get the LITTLE FOOT 
big advantage. 
It runs cooler, saves space, 

_ improves reliability, increases 
efficiency, simplifies design, extends battery 
life, reduces costs, and cuts time to market. 
With this kind of designed-in performance 
it's not surprising that LITTLE FOOT sales 
have surpassed 20 million devices. 

And that's fact — not myth. 


LITTLE FOOT comes in different _ 
versions that are ideal for motor control, 
load switching, and DC/DC conversion. 
e N-ch MOSFETs (duals & singles) 

e P-ch MOSFETs (duals & singles ) 

e N- & P-ch MOSFETs | 


Voltage: — 20-50V (200V coming) 
On-resistance: 50-300 mQ 
Current Rating: 45A — 


Power Dissipation: 2 W 





| Call our toll-free hot line now! 
1-800-554-5565, ext 964. Ask for your LITTLE 
FOOT design kit and evaluation board. And 
remember at Siliconix we're bringing a seam- 
less power interface to the digital world. 
Siliconix 
2201 Laurelwood Rd, Santa Clara CA 95056 
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: When it comes to embedded 


_ systems design, nobody offers 
_ better solutions than FORCE. 

But, we have to admit, we 
had a little help. From you. 

At FORCE, we get inside the 
heads of our customers to learn 
about their requirements. 

The result is the world’s 
most advanced CISC and SPARC= 
based VME single board compu- 
ters, including the latest SPARC 

_ CPU-2E boards 
What else did you have in 
_ mind? How about bus exten- 


- sions —like SBus and our own 


_ FLXibus” Plus SunOS” and the 
_ widest variety of real-time oper 
| ating systems and kernels. 

And when your designs need 
to evolve to the next generation, 
count on FORCE for the best in 
VME64/Plus™ or Futurebus/Plus: 
Because better products come 


from better knowledge. 
For a partner that can get , 


your application up and running 
fast, call 800-237-8863, ext. 10. In 
Europe, call 49.89.608-14-0. 

And thanks for keeping an 


open mind. 


FLXibus, VME64/Plus and Futurebus/Plus are trademarks of FORCE Computers, Inc. All other brands or products are trademarks of their respective holders. 


COMPUTERS 


: alae 4 3165 Winchester Blvd., Campbell, CA 95008-6557 
ee ) Prof.-Messerschmitt-Str. 1 W-8014 Neubiberg/Miinchen 
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Helicleaner 2 


Radiotoaster ? 


FROM JUNE 2TO 4, 1992 


AT CNIT-PARIS LA DEFENSE 


ASICs, application specific integrated 
circuits, make your products more 
intelligentand sedan better. ASICs pack 
more power into smaller space for 


THE EXHIBITION 
THAT GIVES improved reliability. This Conference 
Ex ibe ind. Here wie ol 
YOUR PRODUCTS Dee ediening. developing and 


i Q 5 ucing ASICs and their environment. 
$ 


o get on the circuit and overtake your 


_ Position 
Address _ 
County....... 


Please send me | 





[| invitation card(s) _ 


competitors. And for the first time ever, an 
open users forum will be devoted to small 
and medium-sized companies and their 
initiation into the world of ASICs. 
(Registrations can be requested by 
calling (33-1) 40 39 16 58 or (33-1) 
AO 39 16 59). For information, contact: 
SEPIC-EUROASIC 92, 17, rue d’Uzés 
F-75002 Paris, Tel. (33-1) 40 39 16 82, 
Fax (33-1) 42 36 20 60 


books that work the way you work 


Based on 
the EDN Series -- 20% New Material! 


Troubleshooting 
Analog Circuits 
Robert A. Pease, National 
Semiconductor 


Don’t understand analog trouble- 
shooting? Relax. Bob Pease does. 
Based on his immensely popular 
series in EDN, but with a wealth of 
new material, this book includes all 
of Bob's battle-tested methods, 
advice and step-by step procedures, 
with generous helpings of his 
unique insights and humor. 

June 1991 208pp. cloth 99 illus. 
0 7506 9184 0 £19.95 
Order from: 
Reed Book Services Ltd. 
Special Sales Department 
P.O. Box 5, Rushden 
Northants NN10 9YZ U.K. 


The best of EDN 
Electronic Circuits, 
Systems & Standards 
Edited by lan Hickman 


Ian Hickman has collected and 
filed EDN articles from the last 15 
years, selected his favorites, and 
cross-referenced and indexed 
them. The selection reflects his 
interests as an analog circuit 
design engineer, but digital topics 
are far from ignored. 

April 1991 256pp. cloth 200 illus. 
0 7506 0068 3 £20.00 


BUTTERWORTH-HEINEMANN 


The EDN Series 
for 
Design Engineers 





Analog Circuit Design: 
Art, Science, Personalities 
Jim Williams, Linear 
Technology Corp., Editor 


24 masters of analog circuit 
design share their experience, 
knowledge, and wit in this 
comprehensive and useful guide to 
analog theory and applications. 
Topics include visualizing the 
operation of analog circuits, 
determining workable 
approximations of analog circuit 
parameters, and the pros and cons 
of analog circuit design using 
SPICE and other software. 

June 199] 352pp. cloth 
0 7506 9166 2 £30.00 


To order by phone: 
TEL. 0933 58521 
FAX 0933 50284 











DN-NEWS BREAKS 


EDITED BY SUSAN ROSE 


Multiple sources for ISA 
bus—in two senses 


Programmable dc sources are common building blocks in 
automatic test equipment (ATE). They differ from D/A con- 
verters by providing higher output currents (and sometimes, 
_ higher output voltages) and by offering outputs isolated 
trom the system chassis. Some also operate in four quad- 
rants; they source or sink positive or negative voltage or 
current, and they can absorb current from a positive- 
voltage load, and they can supply current to a negative- 
voltage load. Until about a year ago, when the first ISA 
bus plug-in programmable dc source appeared, if you 
were building PC-based ATE, your dc sources had to be 
external units, controlled via IEEE-488 or RS-232C. 

Now Datel is offering a programmable dc source, the 
PC 462. It has four outputs totaling 22W, offers 200-psec 
transient response, and is unconditionally stable under all 
load conditions. Although lacking 4-quadrant capability, 
the $1195 unit, which plugs into the 16-bit, PC/AT version 
of the ISA bus, provides dedicated positive and negative 
outputs; one pair is rated at + 20.475V at 250 mA each, 
the other at +6.1425V at 1A each. 

The board also includes an isolated 16-channel ADC 
that you can use to monitor the output voltages and load 
currents, two digital inputs, and two high-power digital 
outputs rated at 300V and 100 mA. The board’s analog 
inputs and outputs have 12-bit resolution. A $95 program 
provides a virtual-instrument interface under MS Windows 
V3.0. Datel Inc, Mansfield, MA, (508) 339-3000, FAX 
(508) 339-6356.—Dan Strassberg 


DIP-size devices 
take the pain out 
of antialiasing 


and 8-pole models with 
Butterworth and Bessel 
characteristics and fixed 
user-specified, cut-off fre- 
quencies from 500 Hz to 
50 kHz (2% tolerance). 
The filters are housed in 
0.625 x 0.3-in. dual-in- 
line packages that meas- 
ure 0.5-in. long in the 4- 
pole version (0.825-in. 
long in the 6- and 8-pole 
versions). The 8-pole de- 
vices are priced at $49 
(1). A 4-pole device costs 
$19 (10,000). Even 
though the filters are 
made to order, delivery 
is four to six weeks ARO. 
Frequency Devices Inc, 
Haverhill, MA, (508) 374- 
0761.—Dan Strassberg 


Until now, if you wanted 
a filter you could just 
drop onto a pe board and 
pretty much forget, you 
had to choose between 
very expensive program- 
mable hybrid circuits or 
rather large modules 
built from discrete de- 
vices. Now, a family of 
small, moderately priced 
lowpass filters requires 
no external components, 
exhibits low noise, and 
requires little specialized 
knowledge to apply. The 
D70 series includes 4-, 6-, 


Intel gives away 
PLD /EPLD 
software 


Intel is offering free copies 
of its PLDshell Plus soft- 
ware. The software in- 
cludes a device compiler, 
a logic minimizer, a 
sumulator, and a decom- 
piler. The decompiler ac- 
cepts JEDEC fuse maps. 
The compiler targets the 
company’s 20- and 24-pin 
PLDs and EPLDs that 
are second-sourced from 
Altera. The compiler also 
swallows PALASM files. 
To receive the free soft- 
ware, call the Intel Litera- 
ture Center at (800) 548- 
4725, or call your local 
Intel office and ask for 
Intel Packet #1B75. 
—Charles H Small 


FPGA combines 
100-MHz clock 
rate with 
2000-gate density 


Quicklogic’s QLI2x16 
FPGA (field programma- 
ble gate array) is designed 
for high-speed counter op- 
eration: The logic sup- 
ports 100-MHz (min) clock 
rates for 16-bit binary 
counters and as much as 
150 MHz for Johnson 
counters with simple 
front-end control logic 
(the raw toggle rate is 180 
MHz). The chip is the sec- 
ond in the pASIC FPGA 
family. Refinement of the 
basic circuit design and 
the addition of dedicated 
clock inputs and drivers 
with through-chip skip held 
to 1 nsec has improved 
performance by 15%. 

The chip is built around 
a 10X12 matrix of inter- 





connected logic cells. 
Each cell consists of six 
AND functions, three 
multiplexers, and a D flip- 
flop, all of which are the 
equivalent of 20 or more 
virtual gates. This organi- 
zation gives the FPGA an 
equivalent gate count of 
2000 (min) logic gates. 
Unlike other FPGAs, this 
logic core is designed for 
logic control functions. It 
has 14 inputs folding into 
six ANDs with multiplex 
control and a dedicated D 
flip-flop. In addition, two 
gate outputs and two mul- 
tiplex outputs directly 
exit the cell, supplement- 
ing the flip-flop output. 

The chip comes in an 84- 
pin plastic leaded chip car- 
rier with 68 bidirectional 
inputs and eight dedicated 
inputs. $98 (100). Quicklo- 
gic Corp, Santa Clara, 
CA, (408) 987-2000. 

—Ray Weiss 


Ethernet connects 
data-acquisition 
system to Sun 
workstations - 


When you connect an exter- 
nally mounted data-acquisi- 
tion subsystem to a worksta- 
tion, the two most common 
interfaces are IEEE-488 and 
RS-232C. However, work- 
stations have Ethernet inter- 
faces; using one of the other 
types of interfaces usually 
requires adding hardware. 
Moreover, Ethernet has the 
potential of 10-Mbps trans- 
mission (albeit with nonde- 
terministic response). RS- 
232C is orders of magnitude 
slower; IEEE-488, which has 
comparable speed, has ca- 
ble-length limitations that 
are restrictive in many data- 
acquisition applications— 
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Logic families operate fast 
on low-voltage supplies 


Two logic CMOS IC families from Philips Semiconductor 
operate with Vcc in the 1.2 to 3.6V range. The first family, 
known as HLL (High-speed, Low-power, Low-voltage), ex- 
hibits a typical propagation gate delay of 2.5 nsec ona 
3.3V supply. It uses 0.25 mW in an idle condition and 0.9 
mW when switching at 1 MHz. The HLL family withstands 
5.5V inputs, and you can interface inputs and outputs 
directly to TTL logic levels in mixed 3 and 5V logic systems. 
The second family, V-HCMOS, features similar speed per- 
formance to Philips’ established 5V HCMOS range of logic 
products. The new family is also pin- and function-com- 
patible with HCMOS products, letting you replicate 5V 
logic designs on 3.3V supplies, resulting in approximately 
a 70% power savings. | 
The first products to appear in each range are 3-state 
octal inverting line drivers. At 25°C and with 3 Vcc, the 
74HL33240 exhibits a maximum propagation delay of 3 
nsec and a 3-state enable time of 3.6 nsec. Equivalent 
figures for the 741V244 under the same conditions are 
17 and 20 nsec, respectively. The 74HL33240, in a 24-pin 
plastic small-outline package, costs $1.50 (100); the 
74\1V244, in a 20-pin plastic small-outline package, costs 
$0.42 (100). The company forecasts 20 parts and shrink 
small-outline packages for each family by the fourth quar- 
ter of 1992. Philips Semiconductor, Eindhoven, The Neth- 
erlands, 40-722091, FAX 40-724825. In the US, Signetics 








Corp, Sunnyvale, CA, (800) 227-1817, FAX (408) 991- 


3581.—Brian Kerridge 


particularly those in factories. 
Strawberry Tree’s |/O 
Station 464 is a data-ac- 
quisition unit housed in a 
4.25 17 X 16.88-in. enclo- 
sure. You can mount the en- 
closure under a Sun worksta- 
tion’s monitor or at a dis- 
tance from the workstation. 
In either case, you connect 
the unit to the workstation 
via 10Base-2, 1 OBase-5, or 
10Base-T Ethernet. The unit 
holds four of the vendor's 
data-acaquisition boards; 
eight types are available. 
The initial offering is in- 
tended for relatively low- 
speed applications (0.5 to 2 
msec/point). A CPU in the 
enclosure linearizes the data 
and scales it in engineering 
units before placing it on the 
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‘network. The unit's pricing © 


begins at $3995. Straw- 
berry Tree Inc, Sunnyvale, 
CA, (408) 736-8800, FAX 
(408) 736-1041. 

—Dan Strassberg 


Logic emulator — 
runs at 8 MHz 
without tweaks 


Pie Design Systems’ Mars 
II series modular logic 
emulators let you emulate 
a large PLD, FPGA (field 
programmable gate ar- 
ray), or ASIC without 
programming a part or in- 
curring a mask charge. 
Mars stands for modular, 
automatic, retargetable, 
and scalable. The modu- 


larity arises from the di- 
vision between the debug- 
ging circuitry and the 
emulation circuitry. Auto- 
matic refers to the emula- 
tor’s ability to partition a 
logic design automatically 
and map it onto the emu- 
lation hardware. The com- 
pany claims that its auto- 
matic partitioning soft- 
ware can produce emula- 
tions that operate at clock 
speeds to 8 MHz by iden- 
tifying critical timing 
paths and treating these 
paths accordingly. Re- 
targetable and scalable 
refer to the company’s be- 
lief that the emulation ar- 
chitecture can immedi- 
ately benefit from speed 
and density improve- 
ments made to the under- 
lying FPGA technology 
used for the emulation cir- 
cuitry. 

The system’s debug- 
ging module includes a 
576-channel logic ana- 
lyzer, a functional tester, 
and an emulation server 
that links the emulation 
modules to a host com- 
puter. The emulation 
module, called a logic- 
block module, contains 
the dynamically config- 
ured FPGAs that actually 
perform the logic emula- 
tion. Any number of emu- 
lation modules can share 
one debugging module. 

Software for the system 
includes on object-ori- 
ented database manager 
that controls all of the 
emulation system’s data 
files, a compiler that 
transforms EDIF-logic 
netlists into emulation 
files, functional test soft- 
ware that ensures that 
the emulation configura- 
tion matches the original 
logic design, and the logic- 





analyzer control software. 
A system that can emu- 
late 50,000-gate designs 
costs from $208,000 to 
$227,000. Additional 
emulation modules cost 
$54,000 and provide 
25,000-gate emulation per 
module. Pie Design Sys- 
tems Inc, Sunnyvale, CA, 
(408) 738-8899, FAX (408) 
738-8853. 

—Steven H Leibson 


Choose interface 
and form factor for 
your drives 


You can choose an IDE (Inte- 
grated Drive Electronics) or 
a PCMCIA (Personal Com- 
puter Memory Card Industry 
Association) interface with 
disk drives from Ministor’s 
1.8-in. Miniport family. Most 
small disk drives include an 
IDE interface, but the Mini- 
port models are among the 
first to also include com- 
patibility with the PCMCIA 
standard, originally devel- 
oped as a memory expan- 
sion bus for notebook com- 
puters. The series includes 
drives with 32- and 64- 
Mbyte capacities priced at 
$280 and $380, respec- 
tively (OEM aty). The drives 
feature 18-msec average 
seek times, an average la- 
tency of 6.67 msec, anda 
256-kbyte buffer. A 5V sup- 
ply powers the drives that 
consume 2.5W of power 
during read/write opera- 
tions. The units feature a 2- 
level sleep mode that lowers 
power consumption to 0.1 or 
0.005W. The drives can op- 
erate through a 20g shock 
and can withstand 200g of 
shock when not operating. 
Ministor Peripherals Corp, 
San Jose, CA, (408) 937- 
0165.—Maury Wright 








ee Explore the 





PSpice Circuit 
Simulation... 


Intricacies of Your 


Mi Using the Design Center’s 
Performance Analysis Feature 


=| C oo Prete 
File Analysis Trace Axis Cursor Zoom Display 


Current through an inductor with stepped resistance 


Fics examination and processing of PSpice simulation 
results is at your fingertips using the Design Center’s 
graphical waveform analyzer with Performance Analysis. By 
applying any number of user-defined goal functions (such as 
pulse-width or overshoot) to multiple PSpice waveforms, 
your circuit’s behavior can be tracked as a function of 
changing conditions (such as temperature, source voltage, or 
model parameter values). It’s easy to plot quantities like 
propagation delay versus temperature, bandwidth versus Q, 
or pulse-width versus component value. Performance 
Analysis, along with the waveform analyzer’s well-known 
high-resolution graphical display of simulation and post- 
processed results, makes it easier than ever to visualize trends 
in your circuit’s behavior. 





em | 


| 2 ee oe 
i File Analysis Trace Axis Cursor Zoom Display 


0 1 


vershoot(i(lload)} 


ITIL ORIN Me BITIGh IRN Mat Kieliies 


The Design Center’s graphical waveform analyzer also 
supports multiple Y axes on a single plot, and simultaneous 
display of analog and digital waveforms. Interactive plotting 
capabilities provide you with complete control; axes can be 
freely defined, and traces can be added to the display in a 
variety of ways including fast Fourier transforms, derivatives, 
integrals, user-defined functions, and buses, as well as analog 
and digital waveform expressions. 


PSpice and the graphical waveform analyzer with 
Performance Analysis are now an integrated part of our 
Design Center analog and digital circuit design environment. 
For further information on the Design Center, call us toll free 
at (800) 245-3022, or FAX at (714) 455-0554. 


bias) MicroSim Corporation 





20 Fairbanks « Irvine, CA 92718 _ 


PSpice is a registered trademark of MicroSim Corporation 
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RF TRANS 


Over 50 off-the-shelf models... 
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dielectric voltage. For wide dynamic range applicat 


up to 100 mA DC primary current, use the T-H series. 





T, TH, TT 
style X 65 


bent lead version 


request other types. 


BNC standard; 


dance 


Coaxial connector models are offered with 50 and 75 ohm 
Available for immediate del 


impe 


th one-year guarantee. 


ivery Wi 


T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 


case styles 


Call or write for 68-page catalog or see our catalog in 


EEM, or Microwaves Product Data Directory. 


*units are not QPL listed 
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TMO, case A 11, +t case B 13 
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5950-01 - 183-6414 
5950-01 -215-4038 


NSN 


MCL NO. 
TMO2-1 
TMO2.5-6 


5950-01 -225-8773 
5950-10-128-3745 
5950-01 - 153-0668 


5950-01 -106-1218 


NSN 
FTB1-1-75 5950-01-132-8034 


FTB1-6 


NSN GUIDE 
T1-1 


MCL NO. 


TMO2.5-6T 5950-01-215-8697 


TMO3-1T 
TMO4-1 








5950-01 -168-7512 
5950-01 -067-1012 
5950-01 -091 -3553 


T1-1T 
T2-1 







5950-01 -132-8102 : 
5950-01 -183-0779 


5950-01-141-0174 


TMO4-2 
TMO4-6 
TMO5-1T 
TMO9-1 


5950-01 - 153-0298 
5950-01 -024-7626 
5950-01 -105-8153 
5950-01 -094-7439 
5950-01 - 178-2612 


T3-1T 
T4-1 
T9-1 


6852844 or 620156 


A Division of Scientific Components Corporation 
, New York 11235-0003 (718) 934-4500 


P.O. Box 350166, Brooklyn 
Fax (718) 332-4661 Domestic and International Telexes 
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T16-1 








5950-01 - 138-4593 


TMO16-1 


TMO1-1 





FORMERS 
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SKHz-800MAHz tron 





Q FREQUENCY INSERTION LOSS PRICE 
RATIO MHz 
case style number MODEL 3dB 20B 1dB Qty. 
see opposite page NO. MHz MHz MHz (1-9) 
* T1-1T 1 4.45 
A T1-6T 1 6.95 
T2-1T 2 4.95 
: : T2.5-6T 25 4.95 
T3-1T 3 4.95 
PheI SEC T4-1 4 3.25 
T4-6T 4 4.45 
T5-1T 5 4.95 
T8-1T 8 7.95 
T13-1T 13 4.95 
T16-6T 16 5.65 
TH 14-1H 4 5.95 
TMO1-1T 1 7.95 
TMO TMO2-1T 2 8.45 
+TMO2.5-6T 25 8.45 
+TMO3-1T 3 7.95 
TMO4-1 4 6.25 
TMO5-1T 5 8.45 
TMO13-1T 1 8.45 
* TT1-6 1 6.95 
B uy TT1.5-1 1: 5.95 
: ; TT2.5-6 2: 6.45 
TT4-1 3 5.95 
PRI SEC TT4-1A 4 6.95 
TT25-1 2 9.95 
TTMO25-1 2 11.95 
TTMO TTMO1-1 1 11.45 
TTMO4-1A 4 13.95 
Tix 1 3.25 
C qT T1.18-3 1.18 5.65 
T1-6 1 5.65 
T1.5-1 1.5 4.45 
, = T1.5-6 15 5.65 
T2.5-6 25 4.45 
PRI SEC T4-6 4 4.45 
} T9-1 9 3.95 
T16-1 16 4.45 
T36-1 36 6.95 
TQ. 10% 1 6.95 
T1-1H 1 5.95 
TH T9-1H 9 6.45 
T16-H 16 6.45 
TMO1-02 1 9.45 
IMO: Net i 6.25 
TMO1.5-1 1.5 8.45 
+TMO2.5-6 25 7.95 
+TMO4-6 4 7.95 
TMO6-1 6 7.95 
TMO9-1 9 7.95 
TMO16-1 16 7.95 
T2-4 2 050-600 : 3.95 
D q 13-4 3 5-800 4.45 
32 oe —— ‘s 
PRI SEG T14-1 14 2-150 4.95 
TMO2-1 2 050-600 7.95 
TMO TMO3-1 3 5-800 8.45 
. TMO4-2 4 2-600 7.95 
TMO8-1 8 15-250 7.95 
TMO14-1 14 2-150 . 8.45 
a ees ap pe 1.22 35.95 
FT1.5-1 1.5 35.95 
e e 
FTB-1 36.95 
Es pRI SEC FIB FBi.6 36.95 
|FTB-1-75 36.95 
1 pee 1 0.1-200 0.1-200 0.5-100 5-80 3.25 
T626 1 0.01-10 0.01-10 0.2-5 04-2 3.95 


@ Denotes 75 ohm models 


* FOR A AND B CONFIGURATIONS 
Maximum Amplitude Unbalance 
0.1 dB over 1 dB frequency range 
0.5 dB over entire frequency range 
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Maximum Phase Unbalance 
1.0° over 1 dB frequency range 
5.0° over entire frequency range 





$ 


C72-2 REV. B 








You Can Try Building 
Your Own Real-l[ime 
Operating System, 


Building your own operating system for a real-time appli- 
cation can cost you up to a year in expensive programming 
time. And lost business opportunities. In a fast-moving market, 
it simply doesn’t make sense to build. Not when VxWorks™ 
from Wind River Systems lets you move right in. 

VxWorks gives you all the components and tools you need 


to start developing applications immediately. Which cuts your 


emma! costs dramatically. And be- 
TARGETS 


Hosts 


cause VxWorks offers a more 
full-featured development 
platform than any other off- 





the-shelf operating system, it 
VxWorks supports multiple platforms. gets your product to market 


Or You Can 
Feel Right At Home 


With VxWorks. 


faster. It’s the one true turn-key solution, fully compatible with 
industry standards right out of the box. 

Wind River Systems pioneered off-the-shelf high-speed 
UNIX® networking for real-time applications. And VxWorks 
still leads with the most complete, robust networking available. 
The lean, efficient wind™ kernel gives it unsurpassed mulkti- 
tasking speed and functionality. 

So before you invest the time and money trying to build 
your own real-time operating system from the ground up, 
find out more about 
VxWorks. And feel right 
at home from day one. 


1-800-677-1586. 


WIND RIVER 
S¥S-FeEM's 





Real-Time Solutions for The Real World 


© 1992 Wind River Systems, Inc. Wind River Systems, VxWorks, wind and the Wind River Systems logo are trademarks of Wind River Systems, Inc. UNIX is a registered trademark of ATCT. 
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How different people 
perceive the world 


I remember talking with Charles 
Small about how different people per- 
ceive the world. I’ve worked as both 
a writer and visual artist, and it was 
fascinating to hear about the various 
modes of perception and expression. 
At my workplace, a lot of thought 
and work is going into the develop- 
ment of practical user interfaces. 
Designing in-circuit emulators in- 
volves both engineering and pro- 
gramming skills, obviously. It 
strikes me that this development 
work is a new frontier. 
Kathy Madison 
Pentica Systems Inc 
Cambridge, MA 02139. 


(Ed Note: Essential reading is “The 
Visual Display of Quantitative In- 
formation” by Edward Tufte. Tufte, 
a statistician, rates graphics by an 
engineer as the greatest graphics 
ever produced. He has nothing good 
to say about art directors and 
computerized graphing programs.) 


Switching from 
a PC to a workstation 


In reference to Steven Leibson’s 
editorial “Friendliness by the 
pound” (EDN, August 19, 1991, pg 
55), I'd like to make a few points 
based on my experience transfer- 
ring from a PC to a workstation. 
[At our workplace] we operate a 
CAE program for analysis and de- 
sign of electronic circuits in commu- 
nications systems. We have been 
successfully utilizing the program 
on a PC for about five years. To- 
ward the end of this period it be- 


came obvious that the PC was in- 


adequate for our needs and that the 
software itself was being limited by 
operating under DOS, even with 
memory extension techniques like 
an LIM-compatible (Lotus-Intel- 
Microsoft) above-board and mem- 
ory-management system. 

At this point, the software house 
offered us a few choices: 


1. Stay on a PC under DOS and use 
existing software (forever). 

2. Stay on a PC, use OS/2, and get 
new hardware (extra memory, 386 
machine). 

3. Move to a workstation and use 
Unix. 

Obviously (1) was not a valid 
long-term solution so we looked at 
(2) and (8). I attended shows and 
meetings on operating systems and 
learned a few key facts. The most 
important of these was if your appli- 
cation software runs better on one 
system than another (assuming 
similar hardware cost), ignore the 
OS and go for the best performance. 
With workstation prices falling and 
the proven track record for Unix, 
we went for option (8). 

We got a shelf full of manuals (13 
volumes), but we also got a con- 
densed set of references similar in 
weight to the DOS manuals. So far, 
these have covered almost all we’ve 
needed to know. We also got good 
support from our software house. Our 
new workstation is a valuable addi- 
tion to our development resources. 

It’s obviously more difficult to 
manage a workstation than a PC, 
but the extra effort to overcome 
teething problems is well rewarded. 
With regard to the technical editor, 
where was his software support? 
The Golden Rule here is to always 
make sure your system software is 
established on your platform and 
see it demonstrated before you de- 
cide. Workstations may not be nec- 
essary for the bit-time market yet, 
but their time will come. 

Chris Vernon 
Racal Communications Systems Ltd 
Bracknell, Berkshire, RG12 1RG, UK 





NEXT IN EDN 


EDN’s month-long exploration of 
FPGAs continues with the second part 
of Doug Conner’s hands-on FPGA pro- 
ject, which will appear in EDN Maga- 
zine’s April 23 issue. We wrap up our 
look at these devices in EDN News Edi- 
tion’s April 30 issue with a look at the 
hot new products in this field. 





LCD Proto Kit 


Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 


















240 x 64 
pixel 
Supertwist 
LCD 


Kit provides 
serial inter- 
face to IBM 
PC for quick 
prototyping. 
Board also 
supports 
displays up 
to 240 x 128 
pixels. 


















mounts 
directly 
onto 













Interface to 
6 soft keys or 
4 x 4 key matrix. 


Dial 0-25k 
ohms for LCD 
contrast. 


















CY325 
LCD 
Windows 
Controller 
provides 
parallel or 
serial high- 
level control 
Of Instrument- 

F size LCDs. Up 
Mer =: to. 256 built-in 
ae §=©windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 
graphics are main- 
tained in separate 
planes, facilitating 
special effects. 
Complete User 
Manual included. 









Wirewrap 
area for 
custom 
circuitry .. 
or back- {anes 

































serial jack for 
RxD, TxD, 







CTS, and 5 Pin Alternate Add your own 8051 
GND, plus Power Power CPU for stand 
2 spares. DIN. Connector. alone operation. 






Kit also includes: 


Power wet ie provides + 5v and Gnd for 
board, -12v for LCD, 
and + 12v spare. 









Sample routines in 
8051 Assembler 
and QuickBasic. 











LCD Paint™ for 
creating your own 
graphics 

images. 










4-wire q 
RJ11 style ‘ 
cable with 
DB25F 

connector 













for your IBM PC. 
- Ki Demo routines 
$495 Kit preprogrammed 
into 8751 for 


Popular LCD Starter Kit. 




















"] GEES COR immediate 
s | PRT iy gratification. 
($595 pre-assembled & tested) 






*The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 


s) Box 3000 @ San Gregorio CA 94074 












Tel: 415-726-3000 @ Fax: 415-726-3003 
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Whether it 5/ varieties, 31 flavors, 8 
you knowa leader by th 





There is only one company that offers you a choice of more monolithic sampling analog-to-digital 
converters — 35 in all - than anyone else. Analog Devices. 

But what makes us the leader isn’t just the breadth of our product line. It is also its depth. For no 
other line of sampling ADCs encompasses a wider range of specs. A range that virtually guarantees we 
have the exact part for your specific application. Making it far easier for you to complete your design. 

Incorporating a sample/hold front end onto an a/d converter is just one more example of our 


Authorized North American Distributors: Alliance Electronics 505-292-3360 © Allied Electronics 817-595-3500 * Anthem Electronics 408-453-1200 * Bell Industries 213-826-6778 * Future Electronics 
514-694-7710 © Hall-Mark Electronics 214-343-5000 * Newark Electronics 312-784-5100 * Pioneer-Standard Electronics 1-800-874-6633 * Pioneer Technologies Group 1-800-227-1693 * Zentronics 416-564-9600 





billion served, or 35 sampling ADCs, 
breadth of its product me. 















THE ANALOG FAMILY OF SAMPLING ADCs 


With such a broad selection of sampling 
ADCs to choose from, you can find the 
exact part for your design. 
For example, our family 
offers parts from 8 to 16 
__ bits, from 50 kSPS to 1.25 
_MSPS, and some with up to 
input channels. All low 
cost and easy to use. 


expertise at integrating high-performance analog and digital circuitry on the same IC. And it is this same 
expertise that has made us the acknowledged leader in advanced mixed-signal technology. 
So before you even think about beginning your next design, give us a call at 1-800-262-5643. Or 


write to us at the address below. We'll gladly send you a free copy of our AN ALOG 


complete monolithic sampling ADC guide. 
DEVICES 


It isn’t very edible, but it does make for very tasteful reading. 
CIRCLE NO. 22 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices, applications support and distribution available worldwide. 
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Now you can afford to 


Presenting a very small development in Ethernet: 
Chipsets that are matched to your system and 
your budget. In fact, they cost you as little as 5 square 
inches. Which, by the way, is less total real estate than 
any competitive solution. But sizable reductions don’t 
stop with board space, because we’re also reducing 

the price up to 30 percent. 


Needless to say, true plug-and-play simplicity 
requires an intelligent network interface. So our 
new high-integration 82503 Dual Serial Transceiver 
goes beyond IEEE 802.3 to include automatic port 
selection, polarity switching and a jumperless 
interface to AUI or TPE. 

For unmatched desktop performance, we offer 


© 1992 Intel Corporation. Intel386 and Intel486 are trademarks of Intel Corporation. *Ethernet is a registered trademark of Xerox and Diamond is a registered trademark of Diamond Brands, Inc. 
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If) ally DOX. 
a complete family of 82596 LAN coprocessors, each So look into today’s hottest Ethernet chipsets. 
optimized to a specific Intel486™ CPU for maximum — Call (800) 548-4725 and ask for Lit. Packet #YA23. 
throughput. And our 82593 is the perfect LAN And learn why we have the perfect match for your 
controller for Intel386" SL notebooks. next box. 7 
Best of all, these true two-chip solutions give you ; NM ‘ 
the flexibility to simplify your design and deliver 
your product to market in the smallest of timeframes. The Computer Inside.™ 
CIRCLE NO. 23 
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POWER 
SPLITTERS 
COMBINERS 


the worlds largest selection 
2KHz to 8GHZ from $4% 


With over 300 models, from 2-way to 48-way, 0° 90° and 180° a variety of 
pin and connector packages, 50 and 75 ohm, covering 2KHz to 8000MHz, 
Mini-Circuits offers the world’s largest selection of off-the-shelf power 
splitter/combiners. So why compromise your systems design when you 
can select the power splitter/combiner that closely matches your 
specific package and frequency band requirements at lowest cost 
and with immediate delivery. 

And we will handle your “special” needs, such as wider band- : —)) 
width, higher isolation, intermixed connectors, etc. courteously with I NG = 
rapid turnaround time. ae 

Of course, all units come with our one-year guarantee. 
Unprecedented 4.5 sigma unit-to-unit repeatability also guaranteed, 
meaning units ordered today or next year will provide perfor- 
mance identical to those delivered last year. 

For detailed specs and performance data, refer to the MicroWaves Product 
Directory, EEM or MIni-Circuits RF/IF Signal Processing Handbook, Vol. II. Or 
contact us for our free 68-page RF/IF Signal Processing Guide. 






























finding new ways ... 
setting higher standards 


CJ) Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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ASK EDN 





Ferengis, Romulans, 


and the Borg, beware 


In reply to the request for information 
about Star Trek V2.0 in the January 
2 issue of EDN, about 10 years ago I 
worked for a company where we had 
Star Trek on an Intel Microprocessor 
Development System (MDS). We 
spent a lot of lunch hours and spare 
time playing with it. As a result, we 
learned quite a bit about the program 
and produced a listing on paper. When 
I left the company, I took a listing 
with me, and over the years, I have 
gotten the program up and running 
on an Atari 520ST and worked inter- 
mittently on translating the program 
to C. What I’ve learned is: 

@ The program is written in Basic 
and is about 2000 lines long. The 
listing runs to 30 pages and has 
no PEEKs or POKEs. 

@ The object file on disk contains a 
Basic interpreter and an encoded 
version of the source. I don’t know 
what version of Basic, but I sus- 
pect that it is custom tailored. 









Nobody gives you more 
choices in programmable FIR 
filters than Harris. From the 


Brussels 32-2-246-2111 ¢ London 44-276-686-886 ¢ Milan 39-2-2620761 ° Munich 49-89-63813-0 
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CHOICE FIRS | 


EDITED BY JULIE ANNE SCHOFIELD 


When you load this into an Intel 
MDS with 64 kbytes of RAM, you 
have about 400 bytes left unused. 
This and the lack of a save com- 
mand pretty well rule out any pos- 
sibility of modifying the program. 
The one bug that I remember was 
a tendency for certain input 
combinations—I don’t remember 
exactly which ones—to crash the 
program. Since I put the program 
into the Atari with ST Basic, I 
don’t recall having this problem, 
so the bug might well be in the 
Basic interpreter. 

At one point I tried putting Star 
Trek into another 8-bit system 
with 64 kbytes of memory using 
a commercially available Basic 
interpreter. I got about three quar- 
ters of the program in (by typing 
it) and ran out of memory. I don’t 
believe you would have much bet- 
ter luck with Intel Basic on the 
MDS, but the program should fit 
nicely into a 16-bit machine with 
more memory. Be aware that my 
Atari version takes about four 
minutes to load. 


Throughput 


30 
45 


(megasamples/sec) 


45 megasamples per second 
throughput of our HSP43168, 
to the 512,000-equivalent-tap 


In any event, I have the paper list- 
ing of the MDS Star Trek—covered 
with penciled notes, but still read- 
able—and would be happy to send a 
copy to Ask EDN. Or, if you have ac- 
cess to an Atari 520ST, I could send 
a disk with the source code for the 
ST version and the text file of an ex- 
panded instruction manual. 

Ken Bartlett 
San Jose, CA 


Thanks. We'll send the information on 


to MJ Garraway in the United Kingdom. 


The how and why behind 
root-sum-squared calculations 
MA WL EAR, 





In the February 3 edition of EDN, 
Gary Altman requested a theoretical 
justification for the commonly used 
root-sum-squared (RSS) tolerance 
analysis. The answer to his question 
is given in An Introduction to Error 
Analysis by John R Taylor, University 
Science Books, Mill Valley, CA 


m HSP43481 


precision of our HSP43220, 


your digital filtering needs. 








Harris has a FIR filter that meets 


($19.50 paperback, $24 hardbound). 
Chapter three develops tolerance 
equations suitable for electronic cir- 
cuits. The inside cover summarizes 
the formulas. Every design engineer 
should read and understand this book. 

Mr Altman has good reason to sus- 
pect the simplistic RSS approach; it 
is seldom correct. A dimensional 
check alone should set off a warning 
alarm. What could justify combining 
resistor tolerance, transistor gain tol- 
erance, and offset voltage limits in 
this manner? Clearly, these diverse 
quantities need some conversion be- 
fore they represent error contributions. 

Begin the analysis with an alge- 
braic equation for the observable 
properties of the design (voltage, cur- 
rent, force) in terms of component pa- 
rameters. Parameters include resis- 
tance, capacitance, gain, offset, and 
leakage. Find a parameter’s contribu- 
tion to the observable properties’ tol- 
erance by taking the partial derivative 
of the equation with respect to that 
parameter. The result is an algebraic 
coefficient times the symbolic differ- 
ential of the parameter. This coeffi- 


~ HSP43891 © HSP43168 


So why not give us a call today? 


With our broad line of DSP pro- 
ducts — including NCOs, digital 





cient does the appropriate scaling and 
dimensional conversion; the differen- 
tial is going to accept something re- 
lated to the parameter’s tolerance. 

Next, assume the tolerances have a 
Gaussian (normal random) distribu- 
tion around the mean value. Deduce 
each parameter’s standard deviation 
from specifications or from measure- 
ments. (The standard deviation pro- 
vides a more informative measure of 
tolerance.) Multiply each parameter’s 
standard deviation by the associated 
algebraic coefficient to obtain a corre- 
sponding standard deviation for the 
observable properties. The individual 
tolerance contributions (standard de- 
viations) combine as the RSS when 
the statistics are Gaussian, as we have 
assumed. 

Combining simple tolerances in the 
RSS manner is only valid when all 
the algebraic coefficients are 1 after 
numerical evaluation. Such is the 
case for serial propagation delays in 
digital circuits and for similar cas- 
caded contributions. In most cases, 
however, the RSS of tolerances is 
meaningless. 


512,000 


 HSP43220 


filters and image processing — 
were the new wave in DSP. Catch 
it. Just give us a call today. 


¢ Paris 33-1-34-65-40-80 © Hong Kong 852-723-6339 ¢ Tokyo 81-3-3345-8911 
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If any readers need further help, In- 
trel Service Co offers production 
tolerance analysis and design reviews 
at reasonable cost. 

James A Kuzdrall, PE 
President 

Intrel Service Co 
Nashua, NH 


We received more than a dozen letters 
justifying root-sum-squared tolerance 
analysis, and yours said it best. Thanks. 


Readers respond to 


Rieger's naggers 

ae ee 
In the January 20, 1992, Ask EDN 
(pg 43), James Rieger posed three ques- 
tions. The first question was about the 
ringer equivalence of devices hooked up 
to the dial-up telephone network. The 
second was about the characteristics of 
telecommunications devices for the 
deaf. 

Approximately a dozen readers an- 
swered the first two questions. The best 
answers are printed here. The third 














mm) 


mn ris 


SEMICONDUCTOR 
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question, about the carrier deviation 
for transmission of a satellite-relayed 
television signal, is still up for grabs. 


Regulations define 
ringer equivalence 


I can assist with Mr Rieger’s query 
regarding ringer equivalency. 

The definition of ringer equivalency 
is in the US Code of Federal Regula- 
tions, Title 47 (Telecommunication), 
Part 68 (Connection of Terminal 
Equipment to the Telephone Net- 
work), section 68.312 (On-Hook Im- 
pedance Limitations), paragraph d. 
This definition is implemented in the 
FCC Instructions to Form 730 (Appli- 
cation for Part 68 Registration). The 
purpose of 47 CFR 68, known in the 
industry as FCC Part 68, is the protec- 
tion of the telephone network. 

Two major types of ringers, A and 
B, are manufactured depending on 
the desired frequency coverage. The 





ringer load is not necessarily all real. 
To determine the ringer equivalence 


-number (REN), first measure the im- 


pedance of the ringer of a product as 


indicated: Type A ringer, 20 and 30 


Hz; Type B, 15.3 through 68 Hz. The 
lowest impedance measured is used as 
the denominator. The numerator comes 
from FCC Part 68 based on the his- 
torical impedances of ringers: Type A, 
7000 for 20 Hz; 5000 for 30 Hz; Type 
B, 8000. An example of this calcula- 
tion is REN7000+Z for a Type A 
ringer driven at 20 Hz. 

FCC rules state that telephones and 
other equipment may be connected to 
a telephone line (called a loop) as long 
as the sum of their RENs is equal to 
or less than 5.0. There are two reasons 
for this requirement: (1) a ringing sig- 
nal from a telephone central office 
contains sufficient energy to ring only 
so many loop-powered telephones of 
average design; and (2) if a tele- 
phone’s ringing were not answered, 
telephone-company equipment would 
be tied up unnecessarily, generating 
excessive trouble reports. This last 


PURE PERFORMANCE 


I HSP45116 HSP45106 HSP45102 jee 





HSP45102 


Shown Actual Size 


situation would cause impairment of 
service to other customers. 

Because complex impedance is not 
included in the definition of REN, and 
complex impedance affects the ability 
of the central office to deliver ringing 
energy, many telephone companies 
state in their tariffs that they will pro- 
vide sufficient energy to cause ringing 
of equipment having a sum REN less 
than or equal to 4.0. 

FCC Part 68 is being reviewed for 
possible updating by the Regulatory 
Issues Subcommittee of the Telecom- 
munications Industry Association En- 
gineering Committee. C L Berestecky 
of AT&T is chair of the subcommittee. 
The instructions to FCC Form 730, 
Application for Part 68 registration, 
are administered by William von 
Alven of the FCC Staff, Industry Ad- 
ministrative ad hoc Advisory Commit- 
tee, Mr Ronald G Provost of Bell 
Communications Research, Chair. 
Clifford E Chamney 
Member of Technical Staff 
United Telecommunications Inc 
Kansas City, MO 
















kta. | 
cond 
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For pure performance in frequency 
synthesis, catch the new wave in DSP 
The new wave is Harris. 

Our Numerically Controlled 
Oscillators (NCOs) offer spectral 1 
purity of better than 90 dB. Tuning . 
resolution of 0.008 Hertz. 32-bit-wide 


Brussels 32-2-246-2111 © London 44-276-686-886 © Milan 39-2-2620761 * Munich 49-89-63813-0 
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Address for TDD 
information 


I have an address that might help 
James Rieger find out more about 
telecommunications for the deaf (TDD): 


Telecommunications for the Deaf Ine 
8719 Colesville Rd, Suite 300 

Silver Spring, MD 20910 

(301) 589-3786. 


Kourosh Derakhshani 
Transistor Devices Inc 
Randolph, NJ 


Frequency pairs for TDDs 


In answer to Mr Rieger’s question 
about telecommunications devices for 
the deaf, I think I can shed some light 
on the subject. 

The original teleprinters used on 
the National Deaf Phone TTY/TDD 
Network ran 60 wpm, or 45 baud, 
Baudot Code in compliance with the 
Weitbrect FSK standards of 1400-Hz 


Typical spectral purity as measured by 2048 point FFT with Blackman window. The Harris family of NCOs will always have a spurious-free dynamic range better than shown. 


phase accumulation. No one else offers 
NCOs that generate signals so pure 
with so much precision. 

No one else offers NCOs with so many 
features, either. Our HSP45116 also 
implements Direct Digital Down 
Conversion on the same chip. And 


mark and 1800-Hz space frequencies. 


These early TTYs (teletypewriter 
units) did operate at half duplex, 
and the go-ahead characters were 
typed at the end of each message 
to keep the operators from stepping 
on each other’s fingers. All the 
early modems used acoustic coupling, 
but as phone regulations softened 
up, modems started appearing with 
both direct and acoustical coupling. 
Portable telecommunications devices 
also came out with Bell 103 stan- 
dards and ASCII with 110/300-baud 
capabilities. The 103A3 frequency 
pairs are 







Space 
frequency | frequency 
Mode Frequency (Hz) 
Originate 1070 
Originate 2025 
Answer 2025 
Answer 1070 


I hope this answer helps Jim get 
some sleep. I’m sorry, but I don’t feel 
qualified to answer his third question. 
Mike Phillips 
Dartech Engineering 
Winston, OR 


our HSP45102 12-bit NCO has a foot- 
print of just 0.28 square inches. 





Still stumped by 
third nageer 


James Rieger’s third question was 
“What is the carrier deviation for trans- 
mission of a satellite-relayed television 
signal? Because the television waveform 
is asymmetrical, what is the position of 
blanking with regard to the band edges 
of the channel? Does white cause a posi- 
tive deviation of the carrier frequency 
of a negative one?” Please contact Ask 
EDN if you can put this one to rest. 





Ask EDN solves nagging design prob- 
lems and answers difficult questions. 
Address your letters to Ask EDN, 275 
Washington St, Newton, MA 02158. 
FAX (617) 558-4470; MCI: EDNBOS. 
Or send us a letter on EDN’s bulletin- 


board system at (617) 558-4241: From 


the Main System Menu, enter 
SS/ASK_EDN and select W to write 
us a letter. 





Mi HSP45116 
Mi HSP45106 
Mi HSP45102 







So get in tune with Harris. With our 
broad line of DSP products — including 
NCOs, digital filters and image process- 
ing — were the new wave in DSP Catch 
it. Just give us a call today. 





mm) 


et Fas 


SEMICONDUCTOR 





® Paris 33-1-34-65-40-80 


Hong Kong 852-723-6339 ¢ Tokyo 81-3-3345-8911 
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- Acore two caps and 
nickel chromium film 
can't get you to market sooner. 


Metal film resistance. Lots of 
people supply it, but at Dale® we 
have more ways to make it work to 
your advantage. 

From the start, well give you more 
alternatives for fine-tuning resist- 
ance to your application — right out 
of the catalog. Low cost commercial 
to ultra precision. 

High power. Ultra high or low 
value. Tight tolerance. Matched 
sets. Thick film chips, plus thin 
film chips for surface mounting. 
Qualifications include: MIL-R-10509, 
MIL-R-22684, MIL-R-3901/7, 
MIL-+-R-55182 and MIL-R-55342. 
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All guided by Statistical Process 
Control and Just-In- Time 
Delivery systems. 

For high performance, high 
volume or both, Dale has products 
to meet your exact needs, plus 
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multiple sourcing to protect your 
oroduction schedule. 

Save time by contacting your 
Dale Representative or contact: 
Dale Electronics, Inc., Norfolk 
Division, 2300 Riverside Blvd.., 
Norfolk, NE 68701-2242. Phone 
(402) 371-0080. 


A COMPANY OF 
Vi 3 Hw AY 


DALE, 








RECENT PED 
PARTICIPANTS 


ABB Asea Brown Boveri AG** 


Sales Director 


Alfa-Laval AB 


General Counsel 


Apple Computer 
Regional Manager 


Bobst SA* 


Representative Director 


British Petroleum 
Company Plc** 

Manager, Strategy, Planning 
and Implementation 


British Telecommunications Ple 


Sales Development Manager 


Canon Corporation 


Marketing Manager 


China Steel Corporation 
Administrator 


Colgate - Palmolive Company 
Sales Director 


CPC Foods AS 


Company Manager 


Dentsu Incorporated** 
Account Executive 


Digital Equipment 
Corporation** 
Program Manager 


Heineken NV* 


Production Manager 


Hoechst AG 
R&D Manager 


Lego AS** 
Manager International 
Business Operations 


Maraven SA* 
Finance Manager 


NEC Corporation 
Department Manager 


Nestlé SA** 
Marketing Director 


Philip Morris* 


Manager Information Systems 


PTT Telecom Netherlands 
Director Marketing and Sales 


Renault 
Project Manager 


Solvay SA 


Technical Manager 


Swissair** 
Manager, Product 
Development 


Zambia Consolidated Copper 
Mines Limited 
Human Resource Manager 


** Indicates IMD Sponsor 
Company 
*Indicates IMD Business 
Associate Company 





Taking 10) weeks ott 


could be 
of the greatest benelit 


(0 you. 
and your company. 


Are you equipped for an ever changing 
world ? 

Could you play a role in shaping the 
new business environment, and _ stay 
ahead of the competitive pack? 

Or will you be trying to solve tomor- 
rows problems with today’s methods and 
understanding ? 

‘To give you the vision and the skills to 
be an active player in the future, the 
International Institute for Management 
Development (IMD) offers the 10 week 
Program for Executive Development 
(PED). 

The program, run in 2 five-week 
modules, provides an international per- 
spective and a holistic approach to solv- 
ing business problems and will enhance 
your leadership skills. 

The first module develops your func- 
tional knowledge, focuses on what is 
critical today, and demonstrates how 
corporate functions integrate. 

The second module provides the big 


picture; concentrating on strategic issues, 








ve 


enhancing your company’s competitive- 
ness within its business sector and the 
environment at large. 

The basis of the program is learning 
from fellow colleagues, learning across 
functions, across cultures and most 
important of all, learning how to learn 
itself. 

As a mid-career executive with recog- 
nized potential the PED is an opportun- 
ity for you to take stock and prepare 
yourself for expanded management 
responsibilities. 

On completion of the internationally 
recognized PED you will receive a certi- 
ficate, co-signed by the University of 
Lausanne. 

For maximum flexibility, both 
modules may be taken back to back, or 
with a gap of 6 or 12 months. 

Applicants are usually in their mid 
30’s to early 40’s with 7-10 years business 
experience and represent a variety of 
industrial and service sectors from 
around the world. 








INTERNATIONAL 


LAUSANNE - 


SWITZERLAND 


A New School of Thought 


For a copy of our PED brochure, please write or call Anouk Mignot, Room 312 
(Direct line ++ 41 21 61803 37). 
International Institute for Management Development (IMD), P.O. Box 915, 1001 Lausanne, Switzerland. 
Tel.: ++ 41 21 6180111. Fax: ++ 41 21 2667 25. Tix: 455 871. 
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New TItLES FROM 





The EDN Series 
for Design 
Engineers 


Analog Circuit Design 


Art, science and personalities 
EDITED BY JIM WILLIAMS 

Thirty well-known contributors 
share some of their insights, 
knowledge and perspectives on 
analog design. Taken as a 
whole, these authors 
demonstrate that analog design 
is less a set of techniques and 
methods to be rigorously 
followed than a way of thinking 
about things. 

O 7506 9166 2 368pp 

189 x 246mm 

222 illustrations Hardback 
£30.00 May 1991 


Troubleshooting 
Analog Circuits 


ROBERT A PEASE 

Based on a series of articles 
that became one of EDN’s most 
successful and well-read, and 
found an enthusiastic audience 
among electronic engineers and 
technicians. 

O 7506 91840 224pp 

176 x 256mm 

99 illustrations Hardback 
£19.95 June 1991 


Electronic Circuit Design 


The Best of EDN 

IAN HICKMAN 

A collection of articles from the 
magazine for the last 15 years. 
Those files now contain a wealth 
of useful information and circuit 
ideas that will be of great value to 
the practising electronics engineer. 
©: 7506:0068 3s 250pp 

189 x 246mm _~_- 200 illustrations 
Hardback £20.00 February 1991 








Newnes Electronic 
Circuits Pocket Book 


Linear IC 

RAY MARSTON 

Aimed directly at those engineers, 
technicians, students and 
competent experimenters who can 
build a design directly from a 
circuit diagram, and if necessary 
modify it to suit individual needs. 
O 7506 01329 300pp 

190 x 90mm _— 625 illustrations 
Hardback £12.50 August 1991 


Database Management 


Systems 


Understanding and Applying 
Database Technology 

MICHAEL GORMAN 

Details the components of a 
sophisticated DBMS and provides 
DBMS users and evaluators with 
the information they need to look 
critically at DBMS products. Covers 


batch, network and relational 
DBMSs that operate on 
mainframes, minicomputers and 
microcomputers. 

QO 7506013535 480pp 

178 x 254m” __ illustrated 
Hardback £40.00 March 1991 


The Software Factory 


Managing Software Development 
and Maintenance 

Second edition 

JAMES R JOHNSON 

This book is about managing a 
‘factory’, or department, that 
produces, develops or maintains 
business application software. It 
presents specific 
recommendations on today’s 
major data processing issues. 

O 7506 01450 240pp 

234 x 156mm _ Hardback 
£35.00 April 1991 


The Circuit Designer's 


Companion 


T WILLIAMS 

This compendium of practical 
wisdom concerning the real-world 
aspects of electronic circuit design 
will be invaluable for linear and 
digital designers alike. 

© 7508 1742 7 3SZ20pp 

234 x 156mm 

Hardback £25.00 April 1991 


Butterworth-Heinemann, Linacre House, 
Jordan Hill, Oxford OX2 8DP> 
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Payment Details 





Qty Total 





Analog Circuit Design 
© 7506 9166 2 £30.00 





Troubleshooting Analog Circuits 
O 7506 91840 £19.95 


LY Credit card UO Access U Amex U Diners 
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Available from:Reed Book Services, PO Box 5, Rushden, 

Northants NN10 9YZ, UK. 

L) Sterling cheque/Sterling Eurocheque/postal order enclosed 
(cheques should be made payable to RBS Ltd) 


J Visa J Mastercard 





| Card No. | 





Electronic Circuit Design 
O 7506 0068 3 £20.00 
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Newnes Electronic Circuits Pocket Book | 


O 7506 0132 9. Biae.50 





Database Management Systems 
O 7506 01353 £40.00 
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The Software Factory 
© 7506 0145 0 £35.00 











The Circuit Designer's Companion 
O° 7506 ti4ae Tt £25.00 





Postage and Packing 
GRAND TOTAL 











| SIQNALUGC  osiseseusciees 


*If paying by credit card, use the address shown on your credit card statement. 


eee mm eee eee eer eee esse sees eseeeeeeesereeeseseseseeeEEEEeEEE EEE EE HEHEHE EHH HEHEHE HEHEHE HEHEHE HEE EE 


Cahners 4 


ee 











Jesse H. Neal 

Editorial Achievement Awards 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 1981 





For some reason, we in the US seem 
to think that government interference 
is a good thing, even when it runs con- 
trary to common sense. Two recent is- 
sues in the news prove the point: high 
salaries for company presidents and re- 
regulation of the cable-TV business. 

In mid 1991, Forbes magazine re- 
ported that Steven J Ross of Time War- 
ner Inc received more than $78 million 
in compensation. No wonder Japanese 
executives complain that US companies 
pay their executives too much. Com- 
ments from the Japanese and reports 
in the press set off a storm of protest 
in Washington. Legislators have pro- 
posed rules and regulations that would 
limit executive pay and compensation. 
This is a wrong-headed approach. Frankly, 
executive pay is an irrelevant issue. 

Most of us agree that performance 
should be rewarded and that many ex- 
ecutives are overpaid for what they do. 
However it probably doesn’t matter to 
you and me. So what if Apple Com- 
puter’s John Sculley earns $16 million 
per year? He has to do something with 
that money. It goes back into the econ- 
omy, being spent and invested in many 
ways. It doesn’t disappear. 

Sculley’s high salary expenditure may 
mean that Apple has less to spend on 
basic research, but it’s up to the com- 
pany’s board of directors and its stock- 
holders to determine that. I own no Ap- 
ple stock, so whether Apple pays Scul- 
ley one dollar or $16 million is irrelevant 


Don’t tread on me 


to me. If Apple loses its competitive 
edge because it pays its executives too 
much, it’s the investors who will lose. 
A more competitive computer company 
that spends its money better will take 
Apple’s place. 

Competition and risk are important 
concepts, often beyond legislators’ un- 
derstanding. Stripped of many regula- 
tions, the cable industry has become 
more competitive as investors have 
risked money on new ventures. As al- 
ways, competition spawns variety. Here 
in the US, I can watch programs that 
range from religious services to first-run 
movies, and from rock-music videos to 
24-hour newscasts. However, the in- 
creasing costs of cable-TV services have 
sparked Congress to consider re-regu- 
lating cable TV. Our legislators fear that 
networks will take over cable channels 
and will charge for broadcast programs 
that they provide for free today. 

Today’s innovative technologies mean 
that there will be more competition in 
the television arena, not less. Fiber- 
optic cables will broaden the spectrum 
of services, and small, start-up program 
suppliers will have easy access to our 
TV sets. It’s unlikely that today’s TV- 
program and network giants will obtain 
a stranglehold on our viewing habits. 
Even if they could, their monopoly 
would only be temporary. In the mean- 
time, we could always turn off the TV 
and read a book... . or a magazine. 


Jon Titus 
Editor 


Send me your comments via FAX at (617) 558-4470, or on the EDN Bulletin Board 
System at (617) 558-4241 300/1200/2400, 8,N,1; on 9600-bps modems try (617) 558-4580, 


4582, or 4398. 
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In a world so dependent on communicating, your customers don't take kindly to interruptions. 


So in the interest of keeping folks in touch with one another, Tektronix makes communications signal 


analyzers that let you measure jitter and noise automatically. And bit error rate testers that can lock onto and test 


specific or pseudo-random patterns—even those millions of bits long. But these devices are justpart of a sophisti- 


cated collection that includes optical-to-electrical converters, 


37A-188255 Copyright© 1991, Tektronix, Inc 


40 = EDN April 9, 1992 





Liietatcataniaek 


me 


Ss 


cee 


py 


AeAERE 








eines se 
Sees 
one 1 “ ‘ 
pear >t ap : dexanent ! “his ‘ : nyc | Pi re 2 ericrersrirrrrirrery is 
A aed Me’ + epee De erento ty reese : vi Dink en bane ge eaman ae ancns ae Atadeatecdgeee Leaeanaes nae mead He ae Seni eke 
tae 7 rks 1 ER iting be 4 f ara Per Pb p raed pads : f i teeeher cehene segue aries. Ane betae Tene Ae: RUT AES es ey 
Seseenan sted hanes ode ; : , ; poy) ye ipeibioy ue eee hse #. Wa ba Gags Oe ko eae Re 8 od mihi = bbe Ve 
Seas oat: “ : 4 eo ia E4ALSS + REALEAGA 2 Ok Vb SIRES “4S PREAEASARET REA DASARR EAE : seeata to os taddee Bae koro eee £ Be SE 948 oan be 
TE VERB? EF Sake Ker CARED TERALAERE CASPER DETE DEORE : yen tea thee. per ahead brash ies elo it a cseelinntenulcannenghetn tuys arcaesge 
18 (Bahr be ERG LH BEY LRA VO OSALAA ASAE A LA SA REIAS 8 Oe + Re de ow oat nba PITRE: THERLOPYSYERED DE FERRED YSSERERDPY SED ORS DE Yep? WEY eb! ir: 
TARAHET SON ECOOR SINE SESTIIRG PhO L LS. Te Fint ad BUG a we lPEsd WU ERSL COD APOMEEEOLA O49 EAMG HAP ESRUE ARADO UREA LEER CAE AE ON ETO 
abe ribeas wey actonsesrieomesn tle LED dae nfo LL GIRADAR SD (LIAEAEREL ICA ER OR REDS REA RE LEER LERE LER OETA RED 
2 wowbaranmione ‘ nd vsdr cin AOSOLEL [FETRIRAGAEEALEAEAOTRRORORDERIA SARA SEERA ARR OE 
Reece rete ee 4 4 {Nese ov ac cane pega rees te Leelee se ghee COLMAR MERELARE DEES E+ Lo REE TRG Ibe $b THEN REAR IA EES, 
PLPC tMAnaK SARA TIAA O RAB SSOD Dek E boots . my foeryte * wad Hoes a . ¢Bee < $Ge aa SORA AAERORS 100 4 tee APRONS Bay FRE eUMaagee oe 
tgaaaecne ws pe ose ietsdendes ih Siete 3: ieteey matesob ty »p'¥ 9 ee 
LORD MOR > 55 one yp rpimy yy bei: EEN Oah Lm na AEA R ERED 
anitcekeaeawee «+ ts Us SRORREMEGEE CREASES CARERS © . ceatenehmmaesa ke tes 
SAGE EN ENG Katey oor «LAR OIaND he CORBA BARRERD TOK Laduttaf obi afaas, ty paalp tbat ieed 
: Vobietictirawctees: inne * . 
raentan tas 5 







* 





‘ “9 : + 
























reer eye ereer Tere ree 
Venter dwedes 








ERM Nee ee haw aw 
thee botenewoee: 
PERT e eho e 
BAM Hy mtn ae wet 


















3 4 . t : 7 ’ ” ' " } f \ : - 3 ¢ , : os ; ep tote bette pa 
: i eer een iy Coenen’ 
ORY sabaen keke ne tAna es AML Eawweevia wee gs peerage 
Bi ie ik hy Perr EY te iteactixssencela ven ives) 
Sion: bne eore: Eebhas-spbeoty 
. , iy Seat tentpanpienens aoe cotoertr 
; , _ ocrensegwepengaenen seed 
eon outa eeia din: ° nits belmes TAR anand 
pews chee baw VON eh OM ganna actus tan ed 
t one vee eek . he SRE t Rot Rowen ane ned 
’ * ' : eleseee Sine dese, pret 
Pet AE wes asaerigenen Gn EAM oe wR E oe 
A tyeeees price tes teeebere rit ; 
eetirtiierte ce rerrrsy 
su irtstaetoite 
: ‘ ' nan areas! 
> * Sg ; am Fant pie escecews §) preeeeers | 
‘ iteteeneet ttt 
Se aenres 
rrecere rere 
env atams tRomn ge tea eS 
‘ : inne nae barcnetencstancaee 
; sbsgaaee we Sqeaeaintanatniensins 
teense iy : st ye Ors 
Palisa acces sane mtey ite: ep ret pi 
Pre r eens Saeerind ‘ ata tth Frey 
- . . « s ‘ , ‘ . ‘ * ‘ . ‘ , ‘ . ‘ ’ e . . * “ + + > .t Sdhbatacursswve sas ‘ te , : > ah bi ; ar 5 Py 
oy ny nbaeey H 
=p 
arate tem eae tt 
ee pereee rte AP irs 
° * ‘ . aaa he tee * 
; : sit prereererrer. , : 
eis 
Rabpweeese leans wea ae : Hai ie 
‘ Mone Creme en tia | pest 
; : cement -v be inhi tines) ye 4 
, . . rr ee f <3 iieehbehtetsts . 
te macnn Fuoryert en ee . = cceperers, 
Rimene nkecaesvieb a waiea Ree tet bbw tenes iasemasent 
- 4 wa Ripe coe a. ae ah Berrie: 
pa babvrernearoicnerencua re 
P a Vikamsrsoraee inedtacnee t 
‘ pe bommemeelpertertiys J 
poe yn enaaneneuee 
iiobecmr irs eareiere et 
‘ Pichi bain eet tee 
ere samen err pere eit Tastee Tha hd Chae ae 
, . . : ¢ iatseerccns eidigterincta oe soeae ee . 
: Taree San be ne hee * 
ieee sat he nce tee 
Srorocacce 
° P . 3 * : * . ’ ‘ P : * . ° ‘ » 1 2 2 : y * + * » . ' s uw sy tak : ie teeaee - : ; etaipertstie sitet t » * , * . * 
r : Hy : ' ? t 3 : , : : f ‘ ’ t : 4 ‘ t ij f an pores sate rei prep yee 2 t y : 
© SESS eet 
peieeleed eertietit cet eket 
R err essere ee 
* , : i 8 : von Boe ‘ : bag apewada la ent : ‘ 
P ; pig geen ce host al. prerenees tee . 
tinatine vere weawwweede re stem ia nets enrenee. 
reer oravevsc errr: sepeseter rer renee rPe ris 
Levan a Peng none ben es 
A ‘ re ighte age eats ade henna ates 
‘ a: : eee segmnanagen: Sot tees a tees i 
' aw Rhehe te ocneeee eho nears 
EPR Seas HE Sr ord Cia 
; ryschaaar det 
Ps ane pas bo eee yan 
° . * 2 : cep eka et ‘ 


sooswes? Meda tore Ke 
erpenea: + pent ; 
" eh Ode ae oF 
Sypire tg tailin te reeeaeg cet elias 
ia asatheniac sete cwoge cmdaeos es we 
Seon ba theta eet ip soe g edge ess 
ed ltt =| Sag ie rnp meee ip-anee 
SACI PHRASE KCAAREPHAD PHA SDHTAUE SD 2EWE EE OCUO RL EDH TOO OREO Ow eee Medan’ cae ewauculeatl yes ee wee) sepa a a aie ah ee eae 
; whyihe Bien t aioe Bros 
ett 
Perea teer 
te seaei es 
Ste tancaeee 


Shee On bne gare 

previa sre eee rye 
tenn s teu Pvnnye chee eS, 
eon Teena soeee se 






cuteae 





i 
h Sih P 
4 se 3 
“ +“ “24s 
ais Pe eeeew ener: . ean 
eer eee . % " bebe ent 
Py e a ine sae ‘ ‘ " eae ee See marae hae 2 2 . 
to eteahseteed 9h : Ko loans oom eiheca ead 
" . 4 « . . . . * . , Lopate Tyke ~ I “cay ropa ; 
. ‘ 4 . ‘ . ‘ > é . : - : AMIE OA mee € - ; " 
rit , b si : Connotea 
aay FET 
: ts 
Seetae-somnaee rp ealtbety piteabenentiy | ; 
: Seethaiosmertes ¥ gine bomen t 4 
Sea er onder: { ; [peed saanpacrparn as mty [5 : 
Pe aterset “| ; iuaarecees 
008 A hket emt Ne: 3 tAaade 
ike Spoon : : if ae 
ne Sesokoyeraeir eae 
. . . ADn wt ew 4 ¥™ 
a ncaa endagong ene 
ree an isms 0% RE pabhieent © bhi eemcetameote os 
, . ‘ Ghee Lele gn Rela = 
} eke conte i aes ay po ate 
LSSGROTS ante ‘ : phamiwt dees pemeese eal 
é Ree Gone none ‘sor ROME oo toes 
ek tepanten: cinrk pa Ey a i ot ena 
State tenets tie : ererecere bed 
‘ ane . acanbnetdekeae is 
. Hi apatites 4 ‘ Re eee St ries 
SOAv Cee - * lp ies ‘ Nioah cidbedidtide erin 4-00 
: ~Siintnatvelan tae rf 
Letitia ele ining mrp ver binay eh 
ia begga if Sin fi 
Front aw states ives ochess . * ose 
auatenesed ‘ f ; rp prnenenry + 
mit a rene ercete net 
ciiksmeenenleieiebesivety Als 
bos Sooo: tam irk $ beielety imjecaintp! pred 
: : ‘ hie sibg at sestete 
Seanad: facuste deco 
erate) Peer er , 
henner de oA eA LCE Me Ae LEAT ER 3 
erin f taneran’ 
: crea cae aoe 
1p abate Ei dy ‘ 5 
abo Sopeeeh Stare Ue aaa ed 
anes Monitne rea we hag tap ae ne 
re 6am SMa ASRS A SB amt he 













. * Page ne ne tgrine $e Lena pweatee eee) 


: sola Bes 
Ske eu ne Na eh eminem va rOe ae we 
Veh ag eel ae ot ates EBM bonne en 
soycene a Per ge aoe Di atenits , A . 
tata . é , ‘ i d i é @ 5 é 5 é 3 ¢ : 


Ie eat on ' 
WAS wns Rak ame gr ence ’ 
biannidon Wigatipoe Rrtsmve my oemere seb : 

shercmdbed timer? caer orn . . a , . 





iad ohh brie ged td kg geeN mg RAS em eam eae 
wishodpions Naat hieebod PERE TS 


weaned ne 
" eriea 
TLE ST Tees 








Es 








toy odes sued aagaaae 
































eT eee hh >>>: cbeeschal Eee, Hebert etek UT LAEAOAOT EROS COLORS : Sn : : eres Doh 2. SREGAEST (ocdn SEARMADAEEI ERA REED SURO AE 
* +> 40+ 68 08. rebar ees > AG REPL IA RE OR EB RE RHODE DR : * - Pay, © ath ‘ A * . e OOS MAE he CFR EERE OA BOS BRR EELERA FE CBERRE AMEE LAEREL EAE 
ieseneand py ber + URE eh ote RErn 66 Hey TERT HE SOEs. CROARL ORE ARLE 
: Reeees Mled 52 Coben Cia bbe See anew gous 
eh epee: Joi mailer 
res Sa geseseee a ‘ ri 4 rT Samia 1b ar eer as: -tnstiy 
33 : Tee sees ene tg aye “$e pipweaeoteip scsi Sitso ens be ibeany eoccareomage i gee-s etcun a meed enn cann as capone pda Soke d Cyen rein tyeeie 
¢ e+e. ie atee acne t + areay o . mew » Midi sides aaaiaiok te iioit © ia Ce edeien t Lkeda ne Le ee eee Sib ete se. Oh ee es mn Me 
FarerNas! chbee eat Ot we mt oie . 7 . , Dewan iRAMSASAANAAARANACRARO SRROEM Cer Ur hameeoReaY oor AR SAMO Tee oe eee 
ens eur ee eases SEAN TNE ; : Pe aa een ean tare ece ts St Se Re dermetst AE ON nate dite div ae LE mince ma tenet Race on 








7 > * ’ , ' 
. : , i ‘ ‘ 
. . * . , * 





# 


me, 
* Pd te | j J J od ” woe 
ee | a ~ 
ny YW | 
terststeigietss eee PETER CES co) Shiteltigneneeyies . TER ert rer raat agiacnasiesse eA peaneas ¥ SPER Eee rer eeeee tats 
eeapnactts reed ierebeen cere Pee teboceret peri, Aeiasgie Probrees eratgs 
eae eects sit repent bie peepee Hchece nee fee aait ae aiteedeeteraters HE aia ae 


ree Pept ‘aime 
waeee 


fe 
prepreeeeerer 
Deane kee fi 
peeerecere rt 


Pe piet F , by an he nae 7 be ae: é aneinsaed 
at rer ( i i erase, ppyire' Pip ey es 
eteiie ae eh ne Poetics aeusesase daa seaaaaacn eae ee 


PLeATS 

tebe hho 
Eahb~ha 
is 
rehi 
ah 
ae 
28. 

ay 


Sank. 
pi et 


Peas Pete ae 


PERE SEEPepEESeEy Sete 
ae « SOs: farere tetas 
a ree SNeyaiphe tists 
Priore 


She 
ane eenee 
SS ee he 
bee wraae 
PS RRR RES EO 
eh nee nee ne 
RARAN SEARS 
Fan p aera ee 
Ree AEA Ra 


g@utsessacende: 


Hadgsnentniassassnesnsazaaasaasastoaaaaasscazauaasazsstenzaanasasazatz mieten: giasaaatets 
: 


pee erereee nes Nene: Crees eererrs Prete 


Me 
ghtstis j , eadasaaar 
ae a * 3 ; eter re ; 
tay 


cee 


iain ir whee henne 
as dap tone : ; ASA EYER 
eerie rea eis a pepe stir 9 
Se4 ees, 4 arte iet awaaas one 
eit Peek vera np rl et : ea eeeme 
rors ia a 
Peygeits eee rears past : Breiner: 


i 7 a 
teancateenn seats) 
Sea tarevarokgs 233) 
ey 


receivers, optical attenuators, and optical and metallic time-domain reflectometers. 


High-performance equipment for everyone from design engineers to field service technicians, 


So to make sure your customers are getting all the right messages, talk to Tek today. We promise, welll do 


everything we can to help you keep the lines of communication open. TALK TO TEK/1-800-426-2200 


Tektronix 


Test and Measurement 
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Very Special 
Be “I In EPROMS. 


AMD EPROMs today are what other mere 
mortal EPROMs can only aspire to be: high 
density, of course. But also high speed. 
Able to store massive amounts of infor- 
mation, with lightning fast access times. 
All in our superior CMOS technology. 

EPROMs have always been our 
strength—thanks to our unparalleled 
selection, performance, reliability, 
and quality. 

That's why we sell more EPROMs 
than any other vendor* Period. And 



















S i to come.While other vendors have 

= abandoned EPROMs, we're still commit- 
ted—to making the fastest, highest 

density EPROMs. 

In fact, we've got the most advanced 
EPROM wafer fab, assembly and test facilities 
in the world. Which produce the most reliable, 
highest quality EPROMs available. In every- 
thing from surface mount plastic to mil spec 
compliant packages. 

So make yourself a hero.The instant you 
know your EPROM requirements, get them fast. 
Get them dense. Get them in volume. And get 
them right away—from AMD. Contact your 
local sales office below to place an order. 


Advanced Micro Devices ¢1 


901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc. 
All brand or product names mentioned are trademarks or registered trademarks of their respective 
holders. *Dataquest, March 1991, based on 1990 data. 


For more information write "EPROMs’ on your letterhead and mail to, in Europe: AMD Mail 
Operations, PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom: in Asia: Advanced Micro 
Devices Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong; in Japan: AMD 
Japan Ltd., Shinjuku Kokusai Bldg., 6-6-2 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 


International Sales Offices: Antwerpen (03) 248 43 00; Frankfurt area (06172) 24061; Hong Kong 
86 54 525; London area (0483) 740440; Manchester area (0925) 828008: Milano (02) 3533241: Munchen 
(089) 4114-0; Osaka (06) 243-3250; Oslo area (03) 010 156; Paris (1) 49 75 10 10; Seoul (02) 784-7598: 
Singapore (65) 348 1188; Stockholm (08) 986180; Taipei (02) 721-3393; Tokyo (03) 3346 7550. 
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Insist on Interpoint. 


A full line of high-temperature DC-DC converters 
from the industry leader. 

Get the hottest technology in board-mounted power 
supplies. Full military temperature range. Unsurpassed 
reliability. The lowest profiles. You can get it all with 
Interpoint’s new line of DC-DC converters. 

From arctic blasts to desert storms, Interpoint's new 
generation DC-DC converters stand up to the toughest 
military environments. They deliver full power over the entire 
-00° to +125° C. temperature range. And over an unprec- 
edented power range, too. Interpoint can now offer you an 
off-the-shelf hybrid power supply for any power 
level from 2 to 200 watts. 

For more than a decade, Interpoint 
DC-DC converters have proven their 
reliability in many of the world’s most 


MSA Series: 5 W, 125° C. 


Interpoint’s new line of DC-DC converters features 
constant PWM switching frequencies from 500 

to 700kH7z. Built-in sync. Parallel operation. Up to 
50 dB audio rejection. Line and load regulation 

as low as 0.1%. And full MIL-STD-704 input for 
28- and 2/0-volt systems. 
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series: 65-200 W, 125° C. 


advanced weapons systems — including mission-critical 
electronics on the Patriot and Tomahawk missiles, the 
Bradley Fighting Vehicle and F/A-18 aircraft. Qur new 
generation converters are the most reliable yet. Each of 
them was designed with the specific intent of being 
qualified to the full performance and reliability standards 
of MIL-STD-883C. 

And Interpoint continues to lead the way in power supply 
miniaturization. With power densities as high as 40 watts per 
cubic inch and package heights as low as .270 inch, this new 
generation of converters is built for the tightly packed boards 

in today’s military and commercial avionics, ground 
vehicles and portables. 
It's the hottest new technology in DC-DC 
converters. And It’s available only from 
Interpoint. For more information, call 
1-800-822-8782. In Europe, 
44-276-268372. 


interpoint 


10301 Willows Road P.O. Box 97005 
Redmond, WA 98073-9705 














Analog filter- 
design software 
helps to not only 
perform filter de- 
signs’ obligatory 
math quickly, but 
some programs 
can also select 
the right active 
and passive com- 
ponents to imple- 
ment the filter. 
First, be sure the 
software supports 
the filter ICs that 
best match your 
overall system 
requirements. 
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Design 


software links 


active-filter performance 
with real devices 


ANNE WATSON SWAGER, Technical Editor 


Active-filter design software takes the 
tedium out of a mathematically intensive 
job. Because equations so closely predict 
an analog filter’s performance, software 
that solves those equations is obviously 
a useful tool. Without performing the 
math, it’d be virtually impossible to de- 
sign any filter with predefined charac- 
teristics. “You can’t hack filters on the 
bench,” points out Jim Williams of Lin- 
ear Technology. Software is also the 
best candidate to perform the numerous 
iterations required to optimize the filter 
for a particular characteristic. 
Tremendous numbers of active-filter 
design packages exist (Ref 1), and are 
available from software vendors, IC 
vendors, and shareware-program ven- 
dors (such as those you'll find posted 
on EDN’s Bulletin Board in the CAE 
special interest group—do a key word 
search for “filter”). IC vendor programs 
are either free or cost as much as $40. 
Shareware vendors gen- 
erally ask a registration 
fee of around $30. Soft- 
ware vendors offer soft- 
ware starting above $500. 
The packages listed in 
Table 1 comprise a sub- 
set of all filter-design 
software that not only 
calculate a filter’s pa- 
rameters from filter 
specifications, but also 
provide a way for you to 
implement that filter. As 
a group, these software 
packages offer easy-to- 
use tools that span a 
range of features and 
prices. It’s very easy to 
pick up any one of these 
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packages and go to work designing filters. 

However, the package that will ulti- 
mately make the most of your filter- 
design time depends on the proposed fil- 
ter. No design software will make you 
an expert, and most of the packages re- 
quire that you know quite a bit about 
the filter you want to design. What are 
the required frequency and time-domain 
characteristics? Does your filter fit with 
one of the classical filter-response char- 
acteristics, such as Butterworth or 
Chebyshev, or will you need to be able 
to create a custom function? 

All filter-design packages do at least 
one thing for you—calculate filter coeffi- 
cients, f,s, and Qs. Once it completes 
the calculations, the software can imple- 
ment a physical filter by choosing real 
resistor and capacitor values. Some 
packages are intended for continuous- 
time filters only, others for switched- 
capacitor filters only. Of those that can 
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1995.26 ~68.357 ~SHS.26 ‘Buttery 
ie. “ise ew OO 


‘3 
1. @88k 


IC vendors’ software offers useful help for a bargain. The Filter42 
portion of Burr-Brown Corps Filterpro, which the company provides 
for free, features on-screen prompts and graphical displays to 
guide the user through the selection of the filter type and active 
RC circuit values. 
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MegaPAC™ 
Power: Up to 1200 Watts 
Input: 110/220 VAC, strappable; 300 VDC 


Outputs: 1 to 8 isolated and fully regulated, 
2 to 95 VDC 


Size: 11.8"L x 6.0"W x 3.4"H 





Plug into instant power supply 
configurability with the new MegaPAC 
switcher from our Westcor division. 
MegaPAC outputs can be configured in 
virtually an infinite number of voltage and 
power combinations using up to 8 slide-in 
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ModuPAC™ assemblies. Want to change 
a voltage or power level at your factory or 
at a customer site? No problem. . .shut 
down input power, slide out the 
ModuPAC you want to replace and slide 
in the new one. It’s that simple. 


MegaPAC’s instant configurability takes 
Westcor’s popular StakPAC to the next 
level of customization and flexibility. And 
its improved manufacturability means a 
substantial price reduction too! At the 
heart of each plug-in ModuPAC is a 
standard Vicor VI-26X series DC-DC 
converter module. . .over 1 million are 
operating reliably in systems world-wide. 
With potential applications around the 
globe, MegaPAC is designed to meet 
stringent UL, CSA, and IEC safety 
standards (approvals in process). 


POWER To Configure 





So take the risk out of specifying your 
system power supply. Contact us today 
and request ordering information. . .then 
sit back and relax. . . your custom-tailored 
MegaPAC will be delivered within four 
weeks. 


Call VICOR EXPRESS (800) 735-6200 for 
information and be sure to ask fora 
MegaPAC data sheet. Or call WESTCOR 
(division of Vicor) at (408) 395-7050. Fax 
us at (508) 475-6715 or (408) 395-1518. 





VICOR Corporation 
23 Frontage Road, Andover, MA 01810 


Component Solutions For Your Power System 
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select passive component values for 
continuous-time filters, the soft- 
ware doesn’t necessarily support a 
wide range of the numerous circuit 
topologies. 


The starting point 


So, before even using the soft- 
ware, it’s a good idea to briefly re- 
view the various types of active fil- 
ters and their pros and cons. Two 
basic types of active filters exist: 
continuous time—typically those 
composed of op amps, resistors, and 
capacitors known as active RC— 
and switched-capacitor filters. 

As their name suggests, continu- 
ous-time filters work from continu- 
ous streams of analog data. 
Switched-capacitor filters use a 
switched-capacitor network to emu- 
late a resistor, thereby replacing 
most of the resistors in an active 
RC filter with switches and capaci- 
tors (Ref 2). Since a clock drives 
the switched-capacitor network, 
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State variable 






State variable 


these filters are a type of sampled- 
data system. | 

The biggest differences between 
active and switched-capacitor filters 
are size, noise, and ease of use. 
Switched-capacitor filters generally 
require much fewer parts than con- 
tinuous-time types, for which op 
amps, resistors, and capacitors add 
up quickly as you increase the num- 
ber of poles. 

However, continuous-time ven- 
dors, such as Burr-Brown and 
Maxim, continue to develop filters 
with higher integration. Burr- 
Brown’s UAF42 ($6.95 (100)) con- 
tains three op amps that can imple- 
ment a 2-pole filter. Maxim’s MAX275 
($3.75 (1000)) and MAX274 ($4.95 
(1000)) have built-in op amps and 
capacitors that, together with ex- 
ternal resistors, can create fourth- 
and eighth-order filters in 20- and 
24-pin packages, respectively. 

Continuous-time filters have a leg 
up on switched-capacitor types 


Table 1—Representative IC filter-design software 


Filter Filter Filter 
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Butterworth, 
Chebyshev, and 
Bessel 


‘Lowpass, highpass, 
bandpass, notch, 
and allpass 











Butterworth, 
Chebyshev, and 
Elliptic 


Lowpass, highpass, 
bandpass, and 
notch 


Commercial ICs 
response(s) 













when it comes to very low noise re- 
quirements. The noise of the cur- 
rent generation of switched-capaci- 
tor filters is much lower than earlier 
devices. However, continuous time 
filters are still a better choice if sig- 
nals are in the millivolt range. 

Another way of expressing the 
noise issue is that continuous time 
filters have a wider dynamic range 
than switched-capacitor types. If 
you're looking for 100 dB of dy- 
namic range, you'd be hard pressed 
to find a switched-capacitor filter to 
meet this requirement. A typical 
switched-capacitor filter exhibits 
noise on the order of 150 pV of 
noise, making it impossible to 
achieve 100 dB of dynamic range. 
Such a filter could provide 80 dB, 
however. 

Switched-capacitor filters can be 
easier to use than continuous-time 
filters because they don’t require 
tuning adjustments to compensate 
for component tolerances. The 
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Includes evaluation- 
system hardware. 












MAX274 Evaluation kit 
includes design 
software, evaluation 
board, and 


MAX274 IC. 





MF10, MFS, 
MF8, LMF100 
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switched-capacitor filter depends 
entirely on capacitor value ratios 
and not on absolute values, thereby 
removing any need to tune the filter 
other than setting the switching 
frequency. Also because a switched- 
capacitor filter doesn’t rely on com- 
ponent tolerance, it can achieve 
somewhat higher Q values. 

A switched-capacitor filter has 
the added elegant feature that the 
filter’s cutoff frequency scales with 
the clock frequency. So, by chang- 
ing the clock, you can modify the 
filter on the fly. 

Switched-capacitor filters have 
been known to suffer from artifacts 
such as clock feedthrough and ali- 
asing. Both of these effects have 
been reduced by IC designer’s ef- 
forts. Putting a simple RC filter at 
the output of a switched-capacitor 
filter is sufficient to remove any 
clock-feedthrough artifacts and pre- 
vent aliasing. 


Choose the architecture 


These characteristics are all gen- 
eral distinctions between continu- 
ous-time and switched-capacitor fil- 
ters. But within each type there are 
choices to be made. IC manufactur- 
ers generally implement switched- 
capacitor filters in a state-variable 
form. However, this general form 
is but one possible type of active 
filter architecture (Fig 1). Depend- 
ing on the arrangement of the resis- 
tors and capacitors around the com- 
ponents, numerous combinations 
are possible (look in any filter text- 
book for examples). 

These numerous combinations 
exhibit different filter characteris- 
tics, such as low or high sensitivity 
and wide or narrow range of Qs. 
Biquadratic filters, those whose 
transfer functions contain complete 
quadratic equations in both the nu- 


cons, the discussion of which already 
fills up volumes. Ref 3 is one place 
to start to learn more about the speci- 
fics of practical filter architectures. 


It’s all in the application 


The next step after deciding on 
the filter topology is choosing a fil- 
ter response, such as Butterworth, 
Chebyshev, Inverse Chebyshev, 
Bessel, and Elliptic, or choosing 
some nonclassical filter response. 
These classic filter responses and 
their characteristics are very well 
documented in textbooks and ven- 


‘SALLEN-KEY 


HIGHPASS _| 
OUTPUT 


(INVERTING) 


dors’ application literature. Which 
response is best is purely a system- 
level decision. Fig 2 gives a very 
quick overview of the frequency 
and time-domain responses of the 
classical filters. A filter that has the 
desired frequency response can ex- 
hibit undesirable time-domain ef- 
fects, such as excessive ringing. 
With the filter topology and de- 
sired response in hand, filter-design 


software programs can not only cal- 


culate the filter coefficients, but go 
through the tedium of choosing 
passive component values for you 


= _ BANDPASS | | 
| OUIFUL | 


STATE VARIABLE  _— 








Fig 1—Different filter architectures have inherently different characteristics. For example, 
the sensitivities of a multiple feedback filter (a) are lower than that of a Sallen-Key (b). 
Also, unlike Sallen-Key and multiple-feedback filters shown, state variable filters (c) are 
a type of biquadratic filter, which means they can implement any filter type including 
lowpass, highpass, and bandpass. (Note that this figure only shows active RC implementa- 
tions of the filters.) 


merator and denominator, can im- 
plement lowpass, highpass, and 
notch filters. A state-variable filter 
is one type of a biquad filter. Each 
filter architecture has its pros and 
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a 
Condor’s Global Performance 
(GP) switching power supplies 
offer full agency approvals, 


continuous range input 
and more! 


Our newest switchers have the 
approvals you need (UL 1950, VDE 


Level B EMI, IEC 950, CSA and TUV) 
and the features you want, including: 


© 7) models (single- and multi-output) 


e Industry-standard packages 
° 6 power levels (40 to 200W) 


¢ Continuous input voltage (85-264V) 
e OVP on all 5V outputs and 
single-output units 


e Fully regulated outputs 


¢ MTBF 100,000 + hours per Mil Hndbk 
217E 


e 8-hour burn-in with cycling (24 hours 
on medical versions) 
e Computerized testing (data sheets 


furnished) 
e 2-year warranty 


e 30-day FREE evaluation (call us 
for samples) 


If you’re looking for world class per- 
formance, quick turnaround and 
competitive pricing, try our new GP 
switchers — the only approval they’re 
missing is yours! 


CIRCLE NO. 32 





All Global Performance switchers 


are available in full medical 
configurations. Call us for details. 





CALL FOR OUR FREE CATALOG! 


Condor D.C. Power Supplies, Inc. 


2311 Statham Parkway 
Oxnard, CA 93033 ¢ (805) 486-4565 


CALL TOLL FREE: 
1-800-235-5929 (outside CA 
FAX: (805) 487-8911 
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as well. The software included in 
Table 1—by no means a compilation 
of all the software available—goes 
one step further by connecting the 
desired filter performance to real 
devices. Most of these packages are 
design tools provided by vendors to 
help make it easier to use their fil- 
ter ICs. 

However, Microsim’s Filter De- 
signer also includes information on 
International Microelectronic Prod- 
ucts’ continuous-time filters and 
Linear Technology’s switched-ca- 
pacitor ICs. Filter Designer clearly 
provides the widest choice of filter 
topology. After specifying the filter 
and determining the coefficients, 
you can choose between active-RC 
and switched-capacitor biquadratic 
filter architectures and several 
popular commercial IC filters. 


Don’t expect the moon 


National Semiconductor was the 
first of the filter IC vendors to come 
out with a filter-design package in 
1987. Since then, Burr-Brown, 
Maxim, and Linear Technology 
have joined in. These packages’ in- 
terfaces are somewhat more glitzy 
than National’s program, which just 
asks you a series of filter-specifica- 
tion questions, but ultimately these 
packages perform the same steps. 
The software first calculates mathe- 
matical filter parameters, and then 
implements a filter and chooses pas- 
sive component values using one of 
their devices. 

The abilities of these programs 
do have limits, however. Note that 
not all the software listed in Table 1 
can compute values for all filter re- 
sponse characteristics. All of the 
software packages do Butterworth 
and Chebyshev, but not necessarily 
Inverse Chebyshev, Bessel, and El- 
liptic. And, even though Maxim’s 
software can calculate poles, zeros, 
and Qs for highpass and notch fil- 
ters, the MAX275 can’t implement 
filters that include zeros. 
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Most of the packages place limits 
on filter order. National’s program 
can handle tenth-order lowpass and 
highpass filters and twentieth- 
order bandpass and notch designs. 
Burr-Brown’s programs, for exam- 
ple, can go as high as eight poles. 
In some cases, you must specify the 
filter order. In others, the software 
determines the necessary order de- 
pending on the filter specifications. 

The programs also have limita- 
tions on resistor accuracy. Many of 
the packages have just two options 
for resistor values: 1% or exact. Na- 


_ BUTTERWORTH | 


_ CHEBYSHEV 


_ BESSEL 


ELLIPTIC © 


tional’s program for the MF 10 al- 
lows either 1% or 5% resistors. 
With Microsim’s Filter Designer, 
resistor tolerances can be 1, 5, or 
10%; capacitors can only be 5%. 
Burr-Brown’s programs let you in- 
put real capacitance values if you 
choose to actually measure them. 
Despite these various limitations, 
the packages are easy to use and 
have convenient user interfaces. 
For example, Maxim’s software 
works like a spreadsheet, calculat- 
ing new filter values as you move 
cursors and change filter specifica- 


‘TIME DOMAIN 





Fig 2—The classic filter-response types have pronounced differences in their frequency 


and time-domain characteristics. 





The first name in disc drives 
is now the first name 


in performance, too. 


Today, as your competitive envi- 
ronment demands faster, less expensive 
processing than ever before, you need 


For years, Seagate has set disc drive 
industry standards for availability, relia- 
bility and product range. But you may 
At 2.5”, the ST9144 offers 127 
formatted megabytes with a choice 


of AT and SCSI-2 interfaces and 
an average seek time of only 


This 2 head parallel Sabre-7 (ST83050K) gives you 
3 gigabytes of storage in an 8” form factor, with a 
transfer rate of 9.34 megabytes per second and 

a 12 millisecond average 












seek time. 16 milliseconds. 


drives like these. Because 

¥ when you take a few millisec- 
onds’ performance advantage 
and multiply it by thousands 
of transactions a day... well, 
the results translate into some 
figures that might surprise you. 


The $T3283 family of 1” high 
— 3.5” drives holds more than 
= 245 formatted megabytes, 
with a 4,500 RPM 
spindle which 
reduces latency 
to 6.67 milliseconds. 








be surprised to 
learn that we’re consistently leading the 
industry in performance as well. 

The drives featured here are available 
now—setting performance standards in 
systems like yours all over the world. In fact, depending 
Vina sir ks 4 0c toes bios Gesu on the amount and nature of processing 
(1352 megabytes) at 5,400 RPM, for an average you do, high-per for mance dr ives like 
latency of only 5.56 ai these can save you enough to pay back 
eS a your disc drive investment within weeks 
— or days. For help in selecting the 













The digital servo on 

Be this ST3600 family of 
"low-profile 3.5” drives 

reduces average seek 

time to 10.5 milliseconds, 

with capacities up to 525 

formatted megabytes. 


drive you need, or for more informa- 


tion about any Seagate drive, call 
Seagate at 408-438-6550 or contact 


5.25” Wren- 
(ST42100ND) 
offers up to 2.2 
gigabytes of storage and 
a synchronous data transfer 

rate of up to 20 megabytes per second. 







your authorized Seagate distributor. 
And get on a first-name basis 
with performance, Seagate style. 











The 3.5”, half-height 
$T11200 family, with 

| , up to 1.2 gigabytes of 

' storage, boasts a 256 kilo- 
byte multi-segmented cache 
buffer and an average seek 
time of 10.5 milliseconds. 


SS Seagate 


© 1992 Seagate Technology, Inc. 
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tions. Burr-Brown’s software 
screen provides basic but useful tu- 
torial information as you make your 
filter selections. Calculations are 
done automatically as you change 
parameters. The accompanying ap- 
plication notes provide useful infor- 
mation on how to choose op amps 
based on the designed filter’s Qs, 
center frequencies, and gain settings 
of each stage. The application notes 
also instruct users how to account 
for an op amp’s input capacitance. 

Many of these packages perform 
some sort of sensitivity analysis. 
Burr-Brown’s Filterl and ’2 pro- 
grams display sensitivity of natural 
frequency and Q to component- 
value changes in 1% increments. 
Filter Designer’s sensitivity menu 
displays the sensitivity of each of 
the filter coefficients to components 
variations. 

A first-pass filter design using 


any of these packages takes only 
minutes. But in many cases, you'll 
want to optimize your design. 
Maxim’s software and Microsim’s 
Filter Designer both provide for 
gain optimization of continuous- 
time filters. They let you reorder 
stages and adjust gain setting to 
maximize the filter’s dynamic 
range. Plots of the output of each 
successive cascaded-filter section 
can reveal excessive peaking that 
results in clipping and reduced 
range. Adjusting stages and gain 
settings can reduce the unwanted 
peaking. 

Such reordering and gain optimi- 
zation doesn’t change the basic fil- 
ter coefficients themselves. How- 
ever, two programs will let expert 
designers either fine-tune their de- 
signs by modifying coefficients or 
design custom filters from scratch. 

Linear Technology’s FilterCAD 


has a custom feature to help create 
filters that don’t fit any of the classi- 
cal response types. This custom fea- 
ture either lets you modify previ- 
ously designed filters or create fil- 
ters with custom responses from 
scratch. By alternately graphing 
the resulting response and modify- 
ing frequency and Q values, you can 
iteratively arrive at almost any kind 
of response. 

The advanced version of Micro- 
sim’s Filter Designer also has a non- 
standard functions menu. You de- 
fine the nonstandard function by 
specifying minimum and maximum 
transfer-function limits at a number 
of frequencies. Filter Designer then 
synthesizes this nonstandard filter, 
including delay equalizers, using a 
nonlinear programming numerical 
optimizer. In minutes, you can cre- 
ate transfer functions that might 
take weeks manually because no 
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systematic derivation theory exists. 

The numerical optimizer sets Fil- 
ter Designer apart from the IC ven- 
dors’ software packages. Also, the 
IC vendors’ packages are less com- 


prehensive—they include fewer to- 
pologies and options. So, if you have 
a variety of filter-design require- 
ments, spending the money on a 
comprehensive filter-design pack- 


For more information . oe. 


For more information on the fiter-design sata Decisced in this onidle, circle 
the appropriate numbers on the Information Retrieval Service card or use EDN’s. 

_ Express Request service. When you contact any of the following ey courets 
wale please let thom know yer read about their ye in ED 
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age may be well worth it. If you 
just need a good tool for designing 
specific classical active filters— 
either continuous-time or switched- 
capacitor—the IC vendors’ pack- 
ages are a tremendous bargain. GGL) 





References 


1. Strassberg, Dan, “Filter-design 
software: Publishers provide possibili- 
ties aplenty,” EDN, November 8, 1990, 
pg 107. 

2. Quinnell, Richard A, “Switched- 
capacitor filter ICs,” EDN, January 4, 
1990, pg 86. 

3. Williams, Arthur B, Electronic 
Filter Design Handbook, McGraw Hill, 
New York, NY, 1981. 





Article Interest Quotient 
(Circle One) 
High 470 Medium 471 Low 472 





EISA PASSIVE BACKPLANE 


Single Board Computers 


Design Enhancement 


for FCC/U.L. Compliance COM 2 COM 1 









oF Fat achat 


/AT Keyboard Port 


eee ee ee we 


» Onboard Battery 
. For CMOS RAM 


EISA Bus 
Architecture 


PS/2 Keyboard Port PS/2 Mouse 


# Diversified 
Technology® 


An Ergon Co. 





CIRCLE NO. 33 





FUNCTION 





33 MHz - Shipping Now 





32Kb EISA CMOS RAM 





Up to 64Mb DRAM Onboard se 


Up to 32Mb DRAM Onboard 





2 Serial Ports w/FIFOs 





1 Parallel Port 





IDE/Floppy Interface 





Noise Reduction Circuitry 
For FCC Class B 








PS/2 Mouse Support 


i 
s 
T 
a 








/AT-PS/2 Keyboard Support 





Optional Intel Turbo Cache 








Onboard Battery for 
Real-Time Clock 


Double-Sided Surface Mount 
Technology 








a | 


Manufactured In-House(USA) 





PCXI P3/P4 Compatible oh 
Extension Connector 


Landmark V1.14 
Speed at 33MHz 





1 


43.7\14 





EDN REPRINTS 





A Designer’s Guide to 

Li 

Circuit 

Volume | 

This original, 186-page collection by 
Jim Williams offers a wealth of analog 
design information. It includes practical 
and efficient ways to use op amps, 


comparators, data converters, and other 
analog ICs, and discusses the theories 


behind all the design techniques presented. 
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made along the way. 





Mail coupon to: Cahners Reprint Services, 1350 E. Touhy Ave., 
Des Plaines, IL 60018. Or call 708/390-2777 or 
FAX:708/390-2779. US currency only. 


Please print clearly. 


OPaymentenclosed OBillmeO Visa 0 Mastercard 








Credit Card Nummer: psa cise i OL ie ny aa ee ee coe Date 

Please send the following: copies of the combined set Signature 

vey eae of A Designer's Guide to Linear 

copies of A Designer's Circuits Nome 

Guide to Linear Circuits. Volumes 1&Il 
Volume | © $12.70 (USA) Title 
6 $7.70 (USA) © $16.70 (non-USA) 
© $10.70 (non-USA) Company 
Volume II copies of Surface-Mount 
3 $10.70 (USA) Design Project Address 
1 $13.70 (non-USA) © $6.70 (USA) city hea Zip 


© $8.70 (non-USA) 
Note: All prices above include shipping & handling. 
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BUT YOU 





MAY SEE IT 
DIFFERENTLY. 


wa. Look at it this way. 

: The first thing you'll see is a 
: _ flat-out screaming data mover. 
“Samm = Namely, Motorola's 68340 
denies Processor with DMA. The first and 
only processor with the performance to meet 
the high speed data handling needs of next 
generation applications. 

Applications like future Compact Disc- 
Interactive multimedia machines. Or applica- 
tions like yours. Say, for instance, optical drives, 
laser printers, hand-held computers, telecom- 
munication switches and line cards, workstation 
T/O processors, servers, terminals, robotics 
or that hot new project only you know about. 

A closer look at the 68340 will reveal a 
32-bit integrated processor built on a 68020 
foundation with a host of pertinent peripherals 
on-chip. Foremost among these is a two 
channel DMA (direct memory access) controller 
that delivers a sustained data transfer rate of 





33 megabytes per second. Imagine for amoment 
what you could do with that. 

Also on the chip are a pair of serial I/O 
channels, a couple of timers and a whole bunch 
of glue logic you won't have to add elsewhere. 
And, of course, you get all that power in one 
tidy little package. 

Speaking of power, 
the 68340 doesn't use 
much at all. In fact, its 
low power il ee | 
and standby mode 
make it perfect for a 
wide variety of battery-powered applications. 

But then again, as the highest performance 
data mover you'll see anywhere, the 68340 
is perfect for a whole lot of applications. 

Including yours. So call Motorola at 
1-800-845-MOTO for a free sample* Or contact 
your Motorola Semiconductor Sales Office. 

You'll like what you see. 







2 ch. 
DMA 
Controller 






68020-Based 
Processing Unit 





68340 Integrated Processor with DMA 


(MA) MOTOROLA 


“Limited quantities available. All brand and product names appearing in this ad are registered trademarks or trademarks of their respective holders. © 1992 Motorola, Inc. 
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Matching your high-speed data 

communications requirements with 

a quality supplier has never been 

easier, Whether you're a manufacturer development a 

of mini/superminicomputers, work- ing product su 

stations or high-performance data over hov | 

communications products, only SBE high-performance controll 

provides a perfect fit. ind Wi 
Only SBE offers a complete line of 

intelligent high-performance com- 

munications controllers for all major 

interface technologies: FDDI, Token 

Ring, Ethernet and High Speed Serial. 

Only SBE adds premium features, 

without a premium cost, for the best 

price/performance in the industry. 


For fast action, call: 1-800-347-COMM 


Germany: 0130-810588 
United Kingdom: 0800-378-234 


SBE, Inc., 2400 Bisso Lane, Concord, CA 94520 © 
CIRCLENO.36 © | of 








Content-address- 
able memories 
(CAMs) quickly 
compare input 
data to stored 
data. FDDI's 100- 
Mbps speed has 
created a commer- 
cial demand for 
these memories, 
whose steep 
prices had con- 
fined them to 
supercomputers 
and research 
projects. 
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CONTENT-ADDRESSABLE MEMORIES 


FDDI routers and bridges 
create niche for memories 


JOHN GALLANT, Technical Editor 


The Von Neumann computer architec- 
ture has conditioned most of us to envi- 
sion a memory device as a collection of 
data you index via an address. This 
presumption is natural because most of 
today’s computers access all instruction 
sequences, constants, and data in ex- 
actly this manner. However, high-speed 
data comparison—such as the address 
filtering an FDDI bridge or router does— 
requires a memory device that indicates 
its contents based on a data set rather 
than an address. A content-addressable 
memory (CAM) is best suited for this task. 

In fact, almost from the creation of 
digital computers, designers have 
needed a device that could quickly deter- 
mine whether a particular 
data value matches a stored 
data value. If a match occurs, 
the logic needs to know the 
address where the data is 
stored and the value of any 
conditional-branch pointers 
stored with the data. If the 
database is large, finding 
the data using search-and- 
sort software routines can 
be like looking for a needle 
in a haystack. 

The generic CAM archi- 
tecture -has a comparator 
for each array location. 
When an input data word 
matches a stored data word, 
“Bingo,” the comparator is- 
sues a hit command and re- 
ports all the data stored at 
that location and its address. 
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ple comparators, CAMs are inherently 
expensive devices. Thus far, defining a 
CAM architecture that would suit a 
range of applications has not produced 
cost-competitive products. So designers 
have often compromised speed for cost 
by instead using a static or dynamic 
RAM along with search logic and a sin- 
gle comparator for data comparison. In 
fact, the most cost-effective way to do 
data comparison is to sort the data in 
software using hashing algorithms. 

In LANs, bridges and routers, which 
connect multiple networks via the data- 
link and network layers of the OSI 
model, must quickly filter many destina- 
tion addresses before forwarding a 
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If multiple matches occur, a 

priority encoder establishes 

the output data sequence. 
Because they have multi- 


Because LAN address-filtering applications currently provide the 
widest market opportunity, it seems natural to incorporate a 
CAM into a LAN chip set. The MC68839 chip in Motorola’s 
FDDI 4-chip set includes a 32 x 48-bit CAM array. 
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matched address to another at- 
tached network. CPU speeds have 
been fast enough to do this address 
filtering via hashing algorithms at 
10-Mbps Ethernet and 16-Mbps To- 
ken Ring speeds. But FDDI (Fiber 
Distributed Data Interface) networks 
chug along at 100 Mbps, and only 
CAMs can handle address filtering 
at that speed. 

An FDDI bridge must identify a 


Fully associative me! ! nory uses off t 


Designers have coe hed. ‘ieee and hard for ¢ an “eco- ae 
nomical content-addressable or fully associative | mem- 
ory device that would quickly determine whethe 


message’s destination or source ad- 
dress in a fraction of the message 
time interval. The destination or 
source address field in the FDDI 
message format is a minimum of 2 
bytes (16 bits) or a maximum of 6 
bytes (48 bits). A minimum of 4 
bytes must be in the message’s data 
field. For a message of minimum 
length, a bridge must identify a 
message’s source address in less 
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piece of data resides in main memory. So far, the high , 
cost associated with such memory devices has limited — 
their use to supercomputers; most other computers € em- 








ploy lower-cost set-associative memory products. Now, _ et 


a patent-pending fully associative memory that uses” 
off-the-shelf components may make these memories af- 
fordable enough for the masses. The device is Aue 
the data-addressable memory (DAM).  .. 
The DAM employs three standard RAMs foe os ' 
set of data (Fig A). While the DAM is storing data, a . 
log (for log book) RAM stores the data in the standard 
fashion by using sequential input addresses to p point to” 
successive data locations. In parallel with the log RA 
a twist RAM reverses the roles of the input addr 
data words. In the dato- addressable twist RAM, | 


Fig A—The patent-pending DAM em- 
ploys three standard RAMs—a log RAM, 
twist RAM, and linked-list RAM. A regis- 
ter reads out the stored address se- 
quence in the linked-list RAM in reverse 
order. You can increase the DAM array 
by adding groups of three RAMs. 
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than 800 nsec before receiving an- 
other message (Fig 1). Commer- 
cially available CAMs can identify 
addresses in less than 200 nsec. 
Other applications that could 
benefit from the speed of CAMs in- 
clude parallel computing architec- 
tures, which compare computa- 
tional results with destination infor- 
mation to determine the data flow 
to other processing elements. An- 
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other application is voice and pat- 
tern recognition in which an algo- 
rithm compares input data to stored 
templates in an array. 

Speeding up the search for data 
in a relational database or a fully 
associative cache is another applica- 
tion that could benefit from CAMs. 
In fact, translation look-aside buff- 
ers (TLBs) are actually special- 
purpose CAMs for virtual memory 


systems. In virtual memory sys- 
tems, a TLB quickly checks a vir- 
tual address issued by a CPU 
against addresses in a look-up table 
to see whether a physical address 
resides in local RAM. 
Commercially available CAMs 
are still few and far between. Most 
vendors of specialty memories have 
found the volume demand for CAMs 
to be so low that it isn’t worth the 


investment cost, according to Mi- 
cron Technologies’ (Boise, ID) Gene 
Cloud, vice president of semicon- 
ductor marketing. Currently, the 
only commercial application that 
has started actively using CAMs is 
bridges in FDDI LANs. As these 
high-speed LANs proliferate, they 
could fuel the demand for CAMs in 
other applications and possibly 
drive down prices. 


external register that latches the output | aildrese words 
from the linked-list RAM using the system clock. To query 
the DAM, you direct a specific data word to the twist 
RAM to see if a stored address matches. If the twist 
RAM doesn't contain an address word for the specified 
data, a 0 address word appears on the address bus 
via the multiplexer. A O address on the address bus 
indicates a miss. If the twist RAM does contain an ad- 
dress word, the address on the address bus points to 
a location in the log RAM where the data resides and 
to a location in the linked-list RAM to see if that RAM 
has a previous address for the data. 

If the linked-list RAM doesn’t contain a previous ad- 
dress, the next system clock latches a O address word 
from the linked-list RAM into the external register. A 
latched 0 address word indicates that the log RAM 
contains no additional copies of the data. If the linked- 
list RAM does contain a previous address, thé next 
system clock latches the stored address from ihe linked- 
list RAM into the register. 

The control circuitry multiplexes the joe address 
onto the address bus, which points to the location in 
the log RAM where duplicate data resides and also to 
the location in the linked-list RAM where the next previ- 
ous address in the sequence resides. Each succeeding 
clock latches the address word from the linked-list RAM 
into the register until a 0 address word appears. The 
O address word indicates that all previous locations 
have been identified. 

In the conceptual block diagram in Fig A, the DAM 
reads the sequence of data in reverse order from which 
the data were stored in the log RAM. In a variation of 
the DAM, the device reads data in order. You can stack 
multiple log, twist, and linked-list RAMs in parallel to 
address multiple sets of data. The bidirectional data 
and address buses connect to the RAMs for all the 
other data sets to retrieve associated data from their 
respective log RAMs. Reading the contents at specific 
data values in one or more sets will identify all associ- 


ated data in the other DAM sets. For example, consider 
that the DAM contains the following data for three 
parallel sets P, Q, and R: 


Set 
Address | PF | QQ sOR 
1 3f ee 
2 8 
| fee 
4 | 8 7 
ete ee 
SB 1 e 6 
78 ee 
8 2 fs 5 


A query for identifying all data values in the other 
sets that belong to a value of 3 in set P, 2 in set Q, 


or 5 in set R produces the following output sequences: 


Sequence of data belonging to P=3: 





For further information contact Larry Dillard, Box 
18238, Boulder, CO 80308. Phone (303) 494-8244. 
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-FODI MESSAGE FORMAT 
: 2 BYTES (MIN) 


. 
GEYIES 1 BYTE 1 BYTE 


- eeytes (MAX) 


4 BYTES 4BYTES 2BYTES 


MINIMUM ADDRESS _ 
“~ DETECTION TIME= 
10 BYTESx80nSEC/BYTE= 
800 nSEC 


— MINIMUM MESSAGE TIME INTERVAL=22 BYTESx80nSEC/BYTE=1760 nSEC- 


SD=START DELIMITER 
FC=FRAME CONTROL : 
CRC=CYCLIC REDUNDANCY CHECK | 

EOF=END OF FRAME 





Fig 1—The CAM is the only practical device for filtering destination or source addresses 
in the FDDI message format. The worst-case minimum address-detection time is 800 
nsec. CAMs can do the job in 200 nsec or less. 


Testing the waters of the LAN 
bridge market, Advanced Micro 
Devices (AMD) introduced the first 
commercially available, single-chip 
CAM in late 1988—the 12-kbit 
CMOS Am99C10. The two chip ver- 
sions have 100- and 70-nsec read/ 
write cycle times, and each costs 
$21 (100). The chip suits LAN 
bridges and routers that filter ad- 
dresses as fast as 200 Mbps. The 
chip’s architecture also suits it for 
LAN group addressing. In group 
addressing, a sender transmits a 
message to every member of a 
group that belongs to associative 
sets of data in a look-up table. 

The Am99C10 CAM holds 256 
words, each consisting of a 48-bit 
register and a 48-bit comparator 
(Fig 2). You transfer data to and 
from the CAM via a 16-bit bidirec- 
tional bus. An internal 2-bit seg- 
ment counter loads 48-bit data into 
an internal comparand register 16 
bits at a time. 

After the counter loads the 48-bit 
data into the comparand register, 
all comparators simultaneously 
check the comparand data with 
their associated storage-register 
data within one clock cycle. If a 
match occurs, the CAM activates an 
external MTCH signal, and a prior- 
ity encoder generates an 8-bit 
match-word address. This address 
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appears in a 16-bit status register 
to identify the location of the data 
in the CAM. 

If multiple matches occur, the 
CAM activates a bit in the status 
register, and the priority-encoder 
generates the lowest match-word 


- CAM WORD 256 | 


address. A mask register lets you 
selectively mask any of the bits in 
the comparand register before data 
comparison. You can also selec- 
tively mask the bits in the storage 
registers before data comparison. 

Each of the 256 words in the 
CAM has two associated data bits: 
a skip bit and an empty bit. The 
actual width of the array locations 
is therefore 50 bits (48+2). Both 
the skip and empty bits can keep 
their words from being compared 
with the input data. The skip bit 
lets you detect words other than the 
highest-priority word. The empty 
bit indicates an empty slot in the 
array. 

You can program the Am99C10 
to read and write to any of its stor- 
age registers. Each CAM register 
can contain data or be empty so that 
the register doesn’t participate in 
a comparison. You can set all of the 
array contents to empty in a single 


CAM WORD 0 


—_—— 


16-BIT VO BUS 





Fig 2—The first commercially available CAM was Advanced Micro Devices’ Am99C10. 
The chip simultaneously matches input data to stored data in a 256 x 48-bit array using 


separate comparators for each stored word. 


the LIC Peripherals you need. 





In one chip 


PSD'3XX: A family of field-programmable peripherals 


with logic and memory. For 


WSI's PSD3XX single-chip UC peripherals pack 
all the programmable logic, SRAM, and EPROM 
needed for your embedded-control design. 
Plus advanced features like paging, cascading, 
address/data tracking — and more. PSD3XX 
devices configure in just minutes to interface 
with any 8- or 16-bit microcontroller. And 
they’re available with 256Kb, 512Kb, or 1Mb 
of program store to suit every embedded- 
control design. 


embedded-control designs. 


In use the world over, PSD3XX UC peripherals 
are the ideal solution wherever higher-level 
integration is required: from industrial 
controllers 
to cellular 
phones 

— and 
thousands 
of other 
applications. Before Psp™3xx 





After PSD™3XX 


For a free design kit, call today: 





WSI/FRANCE 

Tel 33 (1) 69- 32-01-20 
Fax 33 (1) 69- 32-02-19 
WSI/GERMANY 

Tel 49 (89) 23-11- 38-49 
Fax 49 (89) 23-11- 38-11 


Austria - Eljapex 
Tel (43) 222- 86-15-31 


Tel 32- 38277934 

Fax 32- 38287254 
Denmark - C - 88 A/S 
Tel 45-42-24 -48-88 
Fax 45-42-24 - 48-89 





Tel 44 - 84 - 426-1939 


47280 Kato Road 


Fax 44-84- 426-1678 
Fremont, California 94538 vanes ihre pana 
USA Fax 358-069 -22326 


Fax (43) 222-86 -15 - 31-200 
Belgium/Lux - D&D Electronics bvba 


United Kingdom - Micro Call, Ltd. 


France - A2M 
Tel 33 (1) 39-54-91-13 
Fax 33 (1) 39-54 - 30-61 


France - Microel 
Tel 33 (1) 69-07-08 -24 
Fax 33 (1) 69-07-17-23 


Germany - Jermyn GmbH 
Tel (06) 431-5080 
Fax (06) 431- 508289 


Germany - Scantec GmbH 

Tel (089) 859 - 8021 

Fax (089) 857-6574 

Germany - Topas Electronic GmbH 
Tel (0511) 13-12-17 

Fax (0511) 13-12-16 


Holland - Arcobel bv 
Tel 31-4120 - 42322 
Fax 31- 4120-30635 


Israel - Vectronics 
Tel 972-52- 556070 
Fax 972-52- 556508 


Italy - Comprel s.p.a. 
Tel 39 (02) 6120641/5 
Fax 39 (02) 6128158 


Italy - Silverstar 
Tel 39 (02) 661251 
Fax 39 (02) 66101922 


Norway - Nortec Electronics A/S 


Tel 2-84-62-10 
Fax 2-84-65-45 


© 1992 WSI. All rights reserved. WSI, PSD, and particular members of the PSD3XX family are trademarks of Waferscale Integration Inc. 
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Portugal - ATD Electronica, Lda. 
Tel 3511-847-2200 
Fax 3511- 847-2197 


Spain - Sagitron 
Tel 416-92-61 
Fax 415-86-52 


Sweden - Nortec Electronics A/B 
Tel 8-7051800 
Fax 8-836918 


Switzerland - Eljapex 

Tel (41) 56-27-57-77 

Fax (41) 56-26-14 -86 

Switzerland - Laser & Electronic Equip. 
Tel (41) 1- 55-33-30 

Fax (41) 1- 55-34-58 
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clock cycle. The CAM activates an 
external FULL signal when all lo- 
cations in the array are full. 

You can expand the capacity of 
a CAM array by connecting multi- 
ple Am99C10A chips in parallel. 
The largest possible CAM array is 
64k x 48 bits and consists of 256 
chips. To extend the capacity of the 
CAM array you also need external 
PALs to decode the MTCH and 
FULL signals from the multiple 
Am99C10A chips, 








The newcomer on the block 


The only other commercially 
available, single-chip CAM is the 
MU9C1480 from Music Semiconduc- 
tors. (The part sells for $65 in a 
28-pin DIP and $60 (1000) in a 44- 
pin plastic leaded chip carrier.) Af- 
ter recognizing some limitations to 
the Am99C10, the company intro- 
duced the MU9C1480 in June 1991. 
The chip essentially is an enhanced 
version of the Am99C10 architec- 
ture and is also aimed at address- 
filtering applications in LAN 
bridges and routers. GEC Plessey 
Semiconductors is a second source 
for the part. 

The MU9C1480’s array is 1k x 64 
bits, which is four times the density 
of the Am99C10A. The MU9C1480’s 
wider register width—64 vs 48 
bits—provides extra storage space 
for associated data. The maximum 
destination address field in message 
packets for Ethernet, Token Ring, 
and FDDI LANs is 48 bits. By in- 
corporating 64-bit registers in the 
array, the MU9C1480 can append 
16 bits of associated data to each 
stored address. 

The 16-bit associated-data field can 
store bits for algorithms that purge 
node addresses that have not been 
active within a certain elapsed time 
interval. The field also lets you ap- 
pend a port address to the node ad- 
dress. And you can perform data 
comparisons on masked bits in 
the field. 

The MU9C1480 comes in versions 
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having 120- and 150-nsec read/write 
cycle times. You transfer data to 
and from the chip via a 16-bit bidi- 
rectional bus. An on-chip 1-to-4-line 
multiplexer directs the data to an 
internal 64-bit bus, which feeds the 
comparand register and the CAM 
array. The chip has dual 64-bit 
mask registers, which let you mask 
bits for both data writes and com- 
pares. When multiple matches oc- 
cur, a priority encoder generates 
the highest priority 10-bit address. 
The address appears in a 16-bit 
status register. 

The MU9C1480 has several fea- 
tures that simplify address filtering. 
These features include programma- 
ble translation between Ethernet 
and Token Ring address formats; 
an associative writing mode that ex- 
pedites the storing of data by auto- 
matically writing to the next free 
address; and an up-down address 
counter that speeds memory writes 





and reads using DMA. The chip can 
also partition the 64-bit words into 
16-bit sections, which the chip can 
allocate as CAM or RAM. 

Perhaps the most attractive fea- 
ture of the MU9C1480 is the 
straightforward way you can con- 
nect multiple chips in parallel to ex- 


-pand a CAM array. The chip doesn’t 


require extensive external logic to 
decode the match and full lines, as 
AMD’s Am99C10 does. Instead, the 
MU9C1480 has two input lines, a 
match input and a full input, that 
connect to the match-output and 
full-output signals of its parallel 
neighbor. This arrangement lets 
you cascade an unlimited number 
of MU9C1480s in a daisy-chain man- 
ner that is similar to chip expansion 
for FIFO memories. 

The most widespread use of com- 
mercial CAM devices is for filtering 
addresses in high-speed LANs, so 
some LAN-interface-chip vendors 


You can cascade an unlimited number of Music Semiconductor’s MU9C1480 chips to 
expand a CAM array. The chip contains a match-input and a match-full line that directly 
connect to the match-output and full-output lines of its neighbor. 
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And now, it doesn’t have to. Because 
the HP visual engineering environment 
(HP VEE) lets you solve problems 
without programming. 

With HP VEE, you explore solutions 
visually by arranging and linking 
icons on the CRT. Each icon repre- 
sents and executes a specific function 
for data collection, analysis —from 
simple mathematics to complex algo- 
rithms—and presentation. You don’t 
have to write a single line of code. 


There are two HP VEE software 
packages for prototyping, experimen- 
tation, and problem modeling. HP 
VEE-Engine, is a general-purpose 





With HP VEE, 

you simply link the icons. 
Computers are great for problem 
solving, if only programming didn’t 
get in the way and slow you down. 


United Kingdom (0344) 369 369 ¢ Germany (06172) 16 0 ¢ France (1-69) 82-65-00 « Italy (02) 95.300.134 
Singapore (65) 291 8554 ¢ Taiwan (886-2) 714 8740 ¢ Hong Kong (852) 848 7070 ¢ Korea (82-2) 784 2666 
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Finally, engineering software that clears the 
way to problem solving without programming. 


/* open raw HP-IB 






















+ 64> 
+: 32 2 


ctal digits. 4/ 


tool for analysis and presentation 
of existing data. HP VEE-Test 
includes HP VEE-Engine and adds 
extensive I/O capability, including 
soft panels and device I/O objects. 


So, if programming is keeping you 
from finding solutions, call one of 

the numbers listed below. Or write, 
Hewlett-Packard, Henk van Lammeren, 
P.O. Box 999, 1180 AZ Amstelveen, 
The Netherlands. And find out how 
HP VEE clears the way. 


There is a better way. 


HEWLETT 
PACKARD 
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DC-DC Converter 
Transformers and 
Power Inductors 


These units have gull wing construction 
and are packaged in shipping tubes, 
which is compatible with tube fed auto- 
matic placement equipment or pick and 
place manufacturing techniques. Trans- 
formers can be used for self-saturating or 
linear switching applications. The Induc- 
tors are ideal for noise, spike and power 
filtering applications in Power Supplies, 
DC-DC Converters and Switching Regu- 
lators. 


Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 
Transformers can be used for 
self-saturating or linear 
switching applications 
Schematics and parts list 
provided with transformers 
Inductors to 20mH with DC 
currents to 23 amps 
Inductors have split windings 







EEM 
FREE PICO Catalog 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


IN NEW YORK CALL 914-699-5514 
FAX 914-699-5565 
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CONTENT-ADDRESSABLE MEMORIES 


are including a CAM in their chip 
sets. Motorola has included a 
CAM—albeit a small one—in its 
FDDI chip set. The $186 (1000) set 
comprises four chips connected in 
the following manner: a clock-gen- 
erator chip that connects to the 
FDDI ring, a physical-layer chip, a 
media-access-control (MAC) chip, 
and an FDDI-system-interface 
(FSI) chip that connects to the 
node’s system bus. 

The MC6889 FSI chip contains a 
32 x 48-bit CAM that the node’s 
processor can program to store indi- 
vidual or group addresses. The 8-bit 
port connecting the physical-layer 
chip to the MAC chip also connects 
to a CAM-interface port on the FSI 
chip. Bypassing the MAC chip lets 
the CAM compare incoming source 
or destination addresses with the 
contents of the CAM while the 
MAC chip is receiving data. If 
a match occurs, the CAM signals 
the MAC to forward the received 
data. 

The node processor can program 
the CAM to compare 2- or 6-byte 
addresses. The processor reads the 
CAM’s status via a 64-bit word. 
You can expand the density of the 
CAM array by connecting an exter- 
nal CAM device in parallel with the 
FSI CAM. The external CAM’s in- 
















Advanced Micro Devices 
Box 3453 

Sunnyvale, CA 94088 

{800) 538-8450 

(408) 732-2400 

TWX 910-339-9280 

Circle No. 706 


GEC Plessey Semiconductors 
Cheney Manor 

Swindon 

Wiltshire SN2QW, England 
07-935-18000 

Circle No. 707 


| e | © | 
For more information. . . 
For more information on the content-addressable-memory products discussed in 
this article, circle the appropriate numbers on the Information Retrieval Service 


card or use EDN’s Express Request service. When you contact any of the following 
manufacturers directly, please let them know you read about their products in EDN. 


Motorola Inc 

6501 William Cannon Dr W 
_ Austin, TX 78735 

(512) 891-2140 

Circle No. 708 


put port connects directly to the 
FSI chip’s CAM-interface port. The 
64-bit word has a user-defined bit 
you can use to signify whether a 
match occurs in the FSI CAM or 
the external CAM. 


You ain’t seen nothing yet 


Time-critical search-and-sort ap- 
plications will lead to broader use 
of CAMs in the future. Currently, 
managing FDDI’s high-speed over- 
head is the driving force behind the 
fabrication of these devices, but as 
databases get larger and larger, ap- 
plications will need a way to do 
searches faster and faster. Design- 
ers will find that sort algorithms 
and set-associative memories aren’t 
up to the task. A fully associative, 
content-addressable memory is the 
fastest search vehicle available. 
CAMs have existed—at least 
conceptually—since 1950, and once 
applications catch up with these 
speedy memories, CAM vendors 
will be saying, “I told you so.” 

Ger 
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Music Semiconductors Inc 
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Suite 202 

Colorado Springs, CO 

(800) 933-1550 

(719) 570-1550 
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Presenting Two 


Plans For 
IC Development 


(Guaranteed To 
Reduce Your... 














Time-to-Market. 





Our prototype services can take your designs from tape to packaged 
parts in 20 calendar days or less. Guaranteed. 


So you get your products to market faster. Or regain time lost to 
engineering delays. 


¢ Prototypes in 20 days 

e Custom processes 

¢ Non-competitive second source 
¢ Fast pre-production quantities 


Cut your development cycle with Orbit Semiconductor’s prototyping 
service. Call (800) 331-4617. In California (800) 647-0222 or 
(408) 744-1800. FAX (408) 747-1263. 
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Get twelve packaged parts in five weeks —for as little as $1500. 
Our Foresight multi-project wafer processing program can dramatically 


cut the cost of IC prototyping while reducing your time to market. 


¢ Foresight runs start every Wednesday 

e Five week turnaround | 

e Dramatic reductions in prototyping costs 
¢ Debug mixed signal ICs while in design 


Don’t wait to start cutting your NRE. 
In fact, call (800) 331-4617, and you can start right away. In California 
(800) 647-0222 or (408) 744-1800. FAX (408) 747-1263. 





What others promise, we guarantee. 
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If It Calls In Sick, 
We’ll Provide A Temp 
At No Charge. 


We guarantee Lanier copierstobeup _- loaner. That’s our Performance Promise* 
and running 98% ofthetime. | Formore details and a free copier infor- 
So if yours is out ofservice mation package, call your local Lanier 

Z i) more than 8 hours, we'll rep. Or 1-800-852-2679. And you'll 
provide you with a free see whose temporary service is the best. 






*Some restrictions may apply. 


G} HARRIS ! LANIER RESPONDS Copying Systems Division 
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High-density PLD offers speed 
and in-system programmability 


The PLSI 1032 and ISPLSI 1082 are 
the first two members of a high- 
density programmable-logic-device 
(PLD) family based on electrically 
erasable CMOS. The base technol- 
ogy allows the ISPLSI device to be 
in-system programmable. 

The basic logical unit of the de- 
vices is a logic block, offering 20 
product terms. The terms can use 
the true and complemented forms 
of as many as 16 internally gener- 
ated signals and have access to 
two additional signals from dedi- 
cated I/O pins. | 

Each logic block has two 4-, one 
5-, and one 7-input OR circuits. You 
can combine the output signals of 
these OR circuits if you need addi- 
tional width or bypass the combina- 
torial circuitry if you need top speed 
with only a few terms. You can also 
Exclusive-OR the OR output signal 
with one of the product terms. 

The four output signals from the 


logic block either pass through or 


bypass output registers. The regis- 
ters are configurable as D-, JK-, or 
T-type registers with a choice of 
four clocks and two reset signals. 
Three of the clocks and one reset 
signal are common to all the logic 
blocks; the remaining signals are 
product terms from the block. The 
devices offer one register for each 
OR gate, but the registers are 
not dedicated to the gates. 

Although all logic-block output 
signals are available internally to 
the product terms, signals destined 
for the outside world must pass 
through an output routing pool be- 
fore reaching I/O cells. The devices 
group eight logic blocks together on 
each device edge, with each group 
having its own output routing pool 
and 16 I/O cells. 

The routing pool gives you flexi- 
bility in I/O pin selection. Each of 





the 32 logic-block output signals in 
the group has a choice of four I/O 
cells. As with the combinatorial cir- 
cuitry in the logic blocks, you can 
bypass the routing pool for greater 
speed but no choice in I/O pin. 

You can configure the I/O cells 
as input ports, output ports, or bidi- 
rectional ports, with each port type 
offering options. Input ports can 
simply buffer signals, latch them, 
or register them. Output ports can 
buffer signals, either with or with- 
out inverting them. They can also 
provide 3-state buffers, with the en- 
able signal coming from a product 
term. Bidirectional ports can simply 
buffer, or buffer the output signal 
while registering the input signal. 

If you use all the bypass options, 
a signal can propagate through 
either device in 15 nsec. Because 
of the wide combinatorial terms 
available, your design may not need 
to use feedback. If it does, however, 
the feedback term can add from 9 
to 16 nsec, depending on fanout of 
the term internally. 

The device family comes in two 
nearly identical forms. The ISPLSI 
device, however, has an additional 
attribute. Four of the device’s I/O 
pins serve double duty as program- 
ming pins, allowing you to clock in 





and load a serial programming pat- 
tern while the device is in a system. 
This in-system programmability 
lets you build your system, even 
your prototype, without sockets for 
the PLD, thus decreasing noise and 
increasing system speed. 

The company supports its devices 
with an array of programming 
tools. The basic software runs on a 
DOS-based computer under Win- 
dows and allows schematic and 
Boolean design entry. It comes with 
a library of 240 macro functions that 
include most common TTL func- 
tions. You can also edit these mac- 
ros or create your own. If you al- 
ready have a design entry system, 
the software can serve as back-end, 
place-and-route software. The com- 
pany also offers an engineering kit 
for the ISPLSI device. 

The PLSI 1032 ranges from $49 
to $81 (1000). The ISPLSI device 
costs $142 (100). Software costs 
$995, and the engineering kit is 
$395. The devices come in 84-pin 
plastic-leaded-chip-carrier packages. 

—Richard A Quinnell 

Lattice Semiconductor Corp, 
5555 NE Moore Ct, Hillsboro, OR 
97124. Phone (508) 681-0118. FAX 
(503) 681-0847. TLX 277338. 

Circle No. 732 


The PLS! and ISPLSI program- 
mable logic devices offer com- 
binatorial logic blocks with 
flexible |/0 pin mapping. They 
are supported by Windows- 
based design, place, and rout- 
ing software. 
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Cache tag RAMs offer 12-nsec 
validated match with extras 


The CY7B180 and CY7B181 cache 
tag RAMs not only offer 4k x 16-bit 
tag memory, they include functions 
such as chip-select decoding and the 
logic needed for validating matches. 
They also include two status bits 
for each memory location and an ad- 
ditional data port to speed copy- 
back cache designs. 

The devices’ base structure is 
4k x18 bits. Each word location 
stores a 16-bit tag and two status 
bits. You use the devices for storing 
the lower-order address bits for the 
memory you have copied into cache. 
When the processor addresses a 
memory location, the tag RAMs re- 
spond with a match signal within 
12 nsec if that address has been 
cached. 

Several built-in functions can sim- 
plify your cache design. You can 
read from and write to the tag data 
and status bits independently. This 
operation allows you to update 
status without having to do a read- 
modify-write on a combined tag and 
status word. Another function al- 
lows automatic generation of a 
write output signal to the cache 
RAM when the tag RAMs detect a 
valid write hit. 

A design-simplifying attribute 
comprises two separate ports: one 
for tag data and one for the address- 
match comparison data. The latter 
port provides the contents of a tag 
RAM whenever a match occurs. 
With a single port, you would have 
to multiplex address and data lines 
to the tag RAM in order to read 
back tag data. The separate ports 
eliminate that need. All ports, as 
well as the command lines, are in- 
ternally latched and can operate in 
latch or clocked mode. 

When replacing a cache line that 
has “dirty” data, you need to use 
the tag data to find the address in 
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main memory that needs changing. 
Having that data available auto- 
matically when the tag RAM is ad- 
dressed, rather than having to read 
it back through the match-compari- 
son port, speeds the copy-back 
process. 

The tag-RAM array (Fig 1) in- 
cludes status bits for each tag loca- 
tion. The CY7B180, intended for 
use in a multiprocessing applica- 
tion, uses the two bits to code the 
corresponding tag data’s status as 
modified, exclusive, shared, or in- 
valid. The CY7B181, intended for 
use in a uniprocessing application, 
uses one status bit to represent 
whether or not the tag data is valid. 
It uses the other status bit to let 
you know whether the data is 
“dirty,”—that is, modified but not 
yet updated in main memory. The 
device automatically sets the 
“dirty” bit if it detects a write hit. 

The 181’s on-chip valid bit allows 
it to perform validated matches. 
When you present the address in 


question to the RAM, it will re- 
spond by indicating whether that lo- 
cation has been tagged and whether 
the tag is valid. You can clear indi- 
vidual valid bits in a memory cycle 
or clear all valid bits simultaneously 
in two memory cycles. 

The devices have four chip-select 
lines—two low-true and two high- 
true. When the device is not se- 
lected, all of its outputs switch to 
high impedance. This combination 
of features allows you to cascade 
as many as four devices, forming a 
16k-word RAM array, without suf- 
fering a speed penalty. Simply use 
the two most significant address bits 
to drive the appropriate chip selects 
and wire-OR the output signals. 

The CY7B180 and CY7B181 
come in 68-pin plastic leaded chip 
carriers and cost $72.05 (100). 

—Richard A Quinnell 

Cypress Semiconductor, 3901 N 
First St, San Jose, CA 95134. 
Phone (408) 943-2600. FAX (408) 
943-2741. Circle No. 730 


4kx18-BIT 
TAG AND STATUS | STATUS | STATUS 
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Fig 1—More than just tag 
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RAMs, the CY7B180 and CY7B181 devices incorporate status 


bits, validation logic, and an additional data port. 





Drive your DSP design 
all the way home. 


error-free simulation 
program. One that lets 
you perform accurate 
















Why complicate your travel 
plans? Zip along the entire DSP 
design route with SPW™— the 


Signal Processing As design, prototyping 
WorkSystem” from and analysis. One 
Comdisco. that confirms that 
you're headed in the 
SPW is the only DSP and right direction. 
communications design soft- ty 
ware tool that’s complete and i". And, to assure that your 
integrated. The only one that can way is free from bumps, 


potholes, and those awful “dead 
end” signs, SPW comes with the indus- 
try’s widest range of implementation 
options. Options that generate code for 
floating- and fixed-point DSP chips as 
well as DSP systems with multiple 
processors. Options for bit-true fixed- 
point simulation that automatically 
generate VHDL and provide seamless 
links to the leading logic synthesis 
tools. Options that pave the way to fast 
FPGA and ASIC production. 


take you all the way from idea to 
implementation. No matter where 
you're headed. No matter which road — 

you take. And it’s fast. It has all the 
horsepower you need to cut design — 
time by as much as 90 percent. — 


First, SPW helps you choose your __ 
destination. You can quickly draw from 
its extensive libraries of reusable © 
function blocks. And you can take - 
advatage of SPW’s open architecture _ 
to incorporate your own models. 

So, how about a test drive? Call us at 
415-574-5800. And learn how SPW can 

put you in the fast lane to market. 


After this, SPW automatically 
transforms your design into an 


C@mpDUCO 


SY oLEoS INC 


U.S.: Telephone 1-415-574-5800, Fax 1-415-358-3601 Europe: Telephone 44-454-614256, Fax 44-454-614700 
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Electrostatic plotter 
makes E-size drawings at 6 ips 


The Colorstation 400X family of elec- 
trostatic plotters produces color or 
monochrome, E-size (36 x 50-in. cut- 
sheet) or D-size (24 x 36-in. cut-sheet), 
drawings. The series consists of 
four models: the Colorstation 486CX 
for E-Size color drawings; the Color- 
station 424CX for D-size color draw- 
ings; the Colorstation 486MX for 
E-Size monochrome drawings; and 
the 424MX for D-size monochrome 
drawings. The plotters boast a writ- 
ing speed of 6 ips—considerably 
faster than competitive models that 
write between 0.8 and 2 ips. 

The plotters achieve their high 
plot speed by employing a patented 
Silicon Imaging Bar writing head. 
Conventional electrostatic plotters 
employ a multiplexed writing head 
to transfer electrical charge to the 
media. A multiplexer transfers 
charge from a common source to 
multiple nibs. The Silicon Imaging 
Bar writing head consists of a dedi- 
cated driver for each nib. Because 
a multiplexed driver necessitates a 
time delay before applying charge 
to subsequent nibs, it is slower than 
these dedicated drivers. 

In addition, the Colorstation Se- 
ries can accurately register the loca- 
tion of dithered color dots. Conven- 
tional electrostatic plotters employ 
a multipass reel-to-reel media- 
transport system, which rewinds on 
each pass to deposit the four pri- 
mary colors. On the first pass, reel- 
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Providing switch-selectable 200- or 400-dpi resolution, the Colorstation 400X Series color 
and monochrome electrostatic plotters produce plots at 6 ips. 


to-reel systems place registration 
marks on the edge of the media to 
provide servo information for sub- 
sequent passes. However, during 
the toning process, any paper 
stretching can distort this regis- 
tered information. 

The Colorstation Series locks the 
cut-sheet media onto a belt using a 
vacuum. Registration marks are 
fixed on the vacuum-locked belt, 
which rotates past the nibs on each 
color pass. Because the media can- 
not shift or stretch while locked to 
the belt, the vacuum-locked system 


ensures registration from one color 
application to the next. The Color- 
station series has an overall plot- 
accuracy specification of 0.05%. 

For a print controller, the Color- 
station Series plotters employ an 
Intel 80960CA RISC pP that deliv- 
ers 66 MIPS peak. The plotters also 
offer 200-dpi plots for quick drafts 
and 400-dpi plots for fine detail. 
You switch between modes with the 
press of a button. Competitive mod- 
els offer only one of these resolu- 
tions. In 200-dpi mode, the 436CX 
can produce a full-color, E-size plot 
in less than 3 minutes. 

A plot-nesting feature places 
A- through E-size drawings on 
a single sheet. For example, an 
E-size model can plot 16 A-size, 8 
B-size, 4 C-size, 2 D-size, or a com- 
bination of these sizes on a single 
E-size sheet. A plot-tiling feature 
lets you plot large panels by auto- 
matically splitting a drawing into 
several images and plotting the im- 
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Now hear this. Xerox 
Engineering Systems offers the 
biggest selection of high perfor- 
mance monochrome electrostatic 
and laser plotter solutions for 
today’s engineering environments. 

These powerful productivity 
tools are uniquely designed for 


optimum volume plotting and 
unattended operation. At high 
resolution, they deliver laser-sharp 
lines, smooth diagonals and 
superior gray scales. 

At Xerox, our goal is to help 
you get your job done more effi- 
ciently. For more information, 
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The Electronic Graphics 
Printing System that sets new 
standards for convenience 
and productivity. 


Versatec’s popular E-size 
laser plotter, perfect for 
both presentation-quality and 
quick check plots. 
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ochromatic plotters 
perform best at any volume. 





High-speed, desktop laser 
plotter for low cost A and B size 
check and final plots. 
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call 800-538-6477. In California, 
800-341-6060. And find out how 
~ to turn up the volume 
on your plotting. 


XEROX The engineering document company. 


Xerox Engineering Systems 


2710 Walsh Avenue, Santa Clara, CA 95051. Xerox and 
CADmate are trademarks of Xerox Corporation. 


Turbo 
CADmate™ 





Versatec’s laser-quality, 
wide-format plotting system 
that’s up to ten times 

faster than pen plotters. 


Advertisement 


New Switch Family for lEEE 488, 
RS-232, and PC-based Systems 





1Otech’s new family of programmable 
switches accommodates a wide range of 
signals, from low-level thermocouple sig- 
nals to 280 VAC signals. These products 
can be used as stand-alone programmable 
switches or as multiplexing front-ends to 
DVMs, data loggers, PC plug-in A/D con- 
verter boards, and [Otech’s own ADC488 
series of A/D converters. 


These new switches offer three means of 
computer control, making them useful for a 
variety of applications. They are available 
with IEEE 488 and RS-232 interfaces, and 
with a parallel 8-bit digital interface for 
control directly from a PC’s parallel port or 
from any digital I/O port. 


High Channel Capacity. For applications 
that involve switching signals up to 10V, the 
Mux488/64 can switch up to 64 inputs for 
output to an A/D converter. For applica- 
tions requiring greater switching capacity, 
multiple units can be connected in a master- 
slave configuration, providing switching 
for as many as 1024 channels. The 
Mux488/64 also features a time-base and 
trigger source that enables it to automati- 
cally scan selected groups of signals at rates 
up to 4 kHz, and trigger an A/D converter 
after each signal is switched. 


Signal Conditioning. For applications that 
involve thermocouples, RTDs, strain ga- 
ges, or other low-level signals, the 
Mux488/16SC provides up to 16 input chan- 
nels, each of which is isolated by 500V from 


the other channels and from the IEEE 488 
bus. Each input is converted into a0 to 5V 
linearized and compensated output for 
switching to an external A/D converter. 
The Mux488/16SC can concurrently out- 
put converted signals from all 16 channels 
or can multiplex them for output on 1, 2, or 
4 channels. Multiple units can be con- 
nected in a master-slave configuration to 
switch as many as 256 channels. The 
Mux488/16SC offers a quick-disconnect, 
screw-terminal block that accepts trans- 


ducer wires and provides cold-junction © 


sensors for thermocouple measurements. 


High Voltage Switching. For high-volt- 
age or high-current switching applications, 
the Control488/16 accommodates a wide 
range of user-configurable switches. Each 
of the Control488/16’s switches is iso- 
lated by 500V from the other switches and 
from the IEEE 488 bus, and can accom- 
modate DC and AC voltages up to 280V 
RMS, and DC and AC currents up to 3A. 
The Control488/16 provides two termi- 
nals for each switch and a convenient 
quick-disconnect, screw-terminal rear 
panel board with built-in strain relief. 


Pricing. The Mux488/64, Mux488/16SC, 
and Control488/16 are all available from 
stock and are priced from $595 to $1,195. 
Transducer-conversion modules are ex- 
tra. For more information, call [Otech 
at (216) 439-4091, or fax your request to 
(216) 439-4093. 


CIRCLE NO. 45 
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ages on more than one sheet of paper. 

The Colorstation Series plotters 
have a Centronics parallel port and 
an RS-232C port. Optional inter- 
faces include Ethernet and a SCSI 
port for Sun workstations. The plot- 
ters are compatible with AutoCAD, 
Autoshade, Caleomp 58000, HPGL, 
Truevision Targa, Sun Raster, raw 
raster, RGB (red, green, blue), and 
CMYK (cyan, magenta, yellow, 
black) software. Third-party sup- 
port includes GDS-II Stream, Post- 
script, and CGM formats. List 
prices for the different hard-disk 
options appear in the table. An op- 
tional Toner Auto-Concentration 
System, which monitors the toners 
and adds concentrate to the system 
when the color density reaches a 
set value, costs $2000 (486 models 
only).—John Gallant 

Raster Graphics, 285 N Wolfe 
Rd, Sunnyvale, CA 94086. Phone 
(800) 441-4788; (408) 738-7800. 
FAX (408) 749-0544. Circle No. 731 


Nominate a person or product 
for EDN's 1992 Innovation/ 
Innovator of the Year Award. 
Fax Pam Winch at 617/558-4470 


for a 1992 Nomination Packet. 


Act FAST... 
THE DEADLINE IS MAy 22ND. 
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Our ne lilies Low Noise High CMV INA117__—| FREE 
ion Amplifierguide | Audio INA103 ¢ +200V CMV range 
can help you find the InV/Hz noi e 0.0002% nonlinear ee | 
best IA for your indus- By! ii Bec 3 , . Amplifier Guide 
trial control, audio, i ores Digitally For samples, 
medical, and low-level | ° 7! 19a data sheets, 
signal conditioning Precision INA120 Programmable and your 
applications. Choose PGA202/203 free selec- 
our low cost difference | * 29HV Max offset = | « Gains of 1, 10, 100, | tion guide, 
amps, fast FET, preci- | ° 9.25uV/°C max adrift 1000 or 1,2, 4,8 contact 
sion bipolar, program- | ¢ Gains of 1, 10, e 2us settling time your local 
mable-gain IAs, and 100, 1000 (to 0.01%) Burr-Brown 
many more. e 0.012% nonlinearity | sales office 

e 800B CMRI Or use Our 


FAX (602) 741-3895 
for immediate assistance. 


Burr-Brown Corp. 
P.O. Box 11400 
Tucson, AZ 85734 USA 


BURR -BROWN® 






International Subsidiary Offices: Austria (43) 222 62 63 71, France (33) 1 395 43558, Germany (49) 711 77040, Italy (39) 2 580 10504, 
Japan (81) 33 586 8141, Netherlands (31) 20 6010041, Sweden (46) 760 93010, Switzerland (41) 1 7240928, United Kingdom (44) 923 33837. 
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Modem ICs consume only 390 mW, 
yet perform fax and data duties 


Designers who need to add data or 
facsimile (fax) capabilities to note- 
book computers or other small bat- 
tery-powered equipment should con- 
sider the RC96DPL and RC144DPL. 
The data/fax modem ICs require 
only 390 mW of power when oper- 
ating—competitive chips require 
500 mW and more. A single 68-pin 
plastic leaded chip carrier (PLCC) 
houses the ICs, and they can per- 
form voice processing. A companion 
microcontroller adds functions, such 
as the de facto standard Hayes AT 
command set, required for a stand- 
alone modem. 

Referred to as data pumps, the 
modem ICs handle 2-wire full- 
duplex synchronous and asynchro- 
nous communications. Both ICs 
support CCITT recommendations 
V.32, V.29, V.27 ter, V.22 bis, V.22, 
V.28, and V.21, as well as Bell 212A 
and 103 de facto standards. There- 
- fore the chips handle data-modem 
duties in communications speeds 
ranging from 300 to 9600 bps, and 
fax communications at speeds rang- 
ing from 2400 to 9600 bps. The 
RC144DPL also supports 14,400- 
bps fax and data communications 
specified by the V.17 and V.32 bis 
CCITT recommendations. 

Other features of the ICs include 
an in-band 150-bps secondary chan- 
nel that can operate concurrently 
with V.32 and V.32 bis communica- 
tions. The secondary channel allows 
you to implement functions such as 
network management. The ICs 
have digital near- and far-echo can- 
cellation and support bulk delay for 
satellite transmission. They also 
have compromise and automatic 
adaptive equalizers and feature a 
dynamic range of — 43 to 0 dBm. 

Because the ICs basically consist 
of a DSP core with an analog front 
end, DSP software actually handles 
support for specific protocols. The 
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ICs ideal for applications in portable battery-powered equipment such as notebook computers. 


DSP-core-design approach also al- 
lowed the IC designers to include 
support for voice operations. The 
modem ICs provide an ADPCM 
(adaptive differential pulse-code- 
modulation) voice codec (coder and 
decoder). The ADPCM codec com- 
presses voice signals to minimize 
the size of digitized voice messages. 
You can program the codec to oper- 
ate at 28.8, 21.6, or 14.4 kbps at a 
7.2-kHz sample rate. Silence detec- 
tion and deletion, and decoder si- 
lence interpolation further improve 
compression rates. 

The RC96DPL and RC144DPL 
have functional capabilities that are 
key for modem applications ranging 
from stand-alone modems to modem 
cards for personal computers. The 
size and power characteristics, how- 
ever, make the ICs a particularly 
good choice for portable or battery- 
powered applications. 

The ICs not only require 20% less 
operating power than other avail- 
able products, but also require only 


10 mW in sleep mode. Competitive 
products use 50 mW in sleep mode. 
The sleep-mode capability can pro- 
long battery life in portable applica- 
tions such as notebook computers. 
The company offers each modem IC 
in a 68-pin PLCC or in two (80- and 
100-pin) plastic quad flatpacks. 

The modem [Cs will be available 
by the end of April. The RC96DPL 
costs $83, and the RC144DPL costs 
$98 (10,000). By the end of May the 
company plans to ship chip sets that 
include a modem chip and a compan- 
ion microcontroller (wC). You can use 
the uC to implement features such as 
the Hayes AT command set or V.42/ 
V.42 bis error correction and data 
compression. The chip sets, desig- 
nated RC96ACL and RC144ACL, 
will cost $98 and $113 (10,000), re- 
spectively.—Maury Wright 

Rockwell International, Digital 
Communications Div, 4311 Jambo- 
ree Rd, Newport Beach, CA 92658. 
Phone (714) 833-6849. FAX (714) 
833-6399. Circle No. 733 








Within budget. 
Without compromise. 


With HP basic instruments, 
performance costs less 
than you expect. 


Now you don’t have to accept 
trade-offs in a basic test instrument. 
Because HP offers the performance 
you want at prices you can afford. 


Need a dual-range output power 
supply? The HP E3610 Series makes 
choosing a 30-watt dc power supply 
easy—especially when you consider 
the low noise and $300* price. 


What about a digital multimeter 
for bench or system use? The 
rugged 6 '4 digit HP 34401A does 
both with uncompromised 
performance for $995* 


You won't find a better 100 MHz 
digitizing scope than the HP 54600 
Series. It combines analog look and 
feel with digital troubleshooting 
power for only $2,395 (2-channel) 
or $2,895 (4-channel)*. 


At $3,800*, the HP 4263A LCR Meter 
lowers the cost of high-precision 
100 Hz to 100 kHz benchtop and 
system component measurements. 


And the 8-function HP E2377A is just 
one of the HP E2300 Series 3 44 digit 
handhelds priced from $99 to $189* 


For more information, call one of 
the numbers listed below or your 
local HP sales office. 


United Kingdom (0344) 369 369 ¢ Spain (900) 123-123 
France (1-69) 82-65-00 ¢ Italy (02) 95-300-134 
Netherlands (020) 547-6669 ¢ Germany (06172) 160 
Singapore (65) 291-8554 ¢ Taiwan (886-2) 714-8740 
Hong Kong (852) 848 7070 ¢ Korea (82-2) 784 2666 


* U.S. listprice 
There is a better way. 
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Finally! 
A true 32V 
Precision 
Analog Array 


—Wwith onboard 
Digital Logic. 


Put all your analog 

and digital control 

functions on a single 
piece of silicon. 





Semiconductor Division 
82 


32V Bipolar gain blocks with signal 
bandwidths to 4MHz, thin film resistors, 
and 74L5 speed compatible digital gates 
—all on a single piece of silicon! 

That's the new RLDA8O. 

Think of the possibilities. 

Programmable timers. PWM controllers. 
Motor speed 
controllers. 
Supervisory 
circuits. 
Phase locked 
loops. Latched 


RAYTHEON RLDA80 LINEAR/DIGITAL ARRAY 


8 32V PROGRAMMABLE ANALOG MACROCELLS 
(Op amps, ground sensing amp, 
low distortion op amps, TTL output 
comparator, bandgap reference) 


36 5V PROGRAMMABLE DIGITAL MACROCELLS 
76 5V DEDICATED DIGITAL MACROCELLS 

(Up to 200 equivalent gates) 
716 DIGITAL 1/0 CELLS 


128 200ppm/°C THIN FILM RESISTORS 


analog multi- 
plexers. 


All on a single die. 

How many parts would that eliminate 
in your design? How much space, weight 
and power would it save? How much easier 
would assembly be? And how much more 
rugged would it make your final product? 

There's a quick way to find out. 

Show us your design—and we'll show 
you how easily it can be integrated onto 
a single RLDA80. 

It's fast—typically six to eight 
weeks from design review to prototype. 

And flexible—changes to an RLDA80 
prototype can be done within four weeks. 

We're committed to analog design. 
And to developing partnerships with our 
customers to produce the most efficient 
and cost-effective solutions possible. 

50 if you've been waiting for a mixed 
signal array for the “real world,” it’s 
here. For specifications on the RLDA80, 
give is a call at 1-800-722-7074. 
Raytheon Company. Semiconductor Division. 
300 Ellis St. Mountain View, CA 94039. 


























Where quality starts with fundamentals 
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Gate array builds on 68000 CPU core 
and integrates logic onto chip 


any engineers cut their de- 

sign teeth on the 68000 micro- 
processor—a clean, elegant proces- 
sor that dominated 16-bit embedded 
systems. Today, engineers can get 
the same 16.67-MHz processor as 
an ASIC core in Motorola’s H4C- 
CDA gate-array family. An ASIC 
lets designers create high-density 
minimal chip designs, integrating 
glue and control logic onto a chip 
with the processor. 

Other 68000 cores for custom 
design are available from vendors 
such as Signetics-Philips and 
Toshiba. However, this is the first 
time the 68000 is available as a gate- 
array core. The gate array uses the 
same 68000 core that Motorola 
builds into the 68302 microcontrol- 
lers (uCs). Standard 68000 timing 
is guaranteed at the gate array’s 
pins: The part can be used to drive 
an existing 68000 design (with a dif- 
ferent board layout). The 68000 ar- 
ray pins can be redefined for appli- 
cations. Gate-array control logic has 
access to the 68000 control signals: 
DTACK, IPL, and BR. 

Initially, the 68000 core is avail- 
able as a defused block on the 
H4C057 array. This block has a 
fixed placement in the array to 
guarantee fixed CPU timing and 
pin routing. This array fields 57,000 
usable gates, of which roughly 
21,000 are replaced by the 68000 
core and associated support logic. 
This move leaves approximately 
37,000 available gates for special 
logic (with a 50 to 70% usage factor). 
The CPU core can be moved to 
other arrays, but it requires layout. 

The 68000 core has more than 10 
years’ worth of software applica- 
tions, software development tools, 
hardware tools, and a pool of 68000 
programmers and designers. The 
array and 68000 processor are de- 
signed to take advantage of this 





The 68000 core has a fixed position in the gate array, 
ensuring fixed signal delays and characteristics. The 


core takes up 20,000 gates. 


base. The 68000 core is set up for 
test. A standard 68000 test pro- 
gram runs the CPU through its 
paces while the rest of the gate- 
array circuitry stays isolated. De- 
signers added special circuitry for 
in-system debugging: The 68000 can 
be single stepped and halted. In ad- 
dition, a pinout conversion board 
suits the 68000 for use with stan- 
dard ICKEs. 





Gate-array designers can 
simulate the core with a 
functional C model, which 
is compatible with the 
Verilog hardware descrip- 
tion language used by 
many chip and system 
vendors. They can also run 
the Logic Automation 
68000 functional model. 
Designs are entered via 
standard schematic-cap- 
ture tools. Various timing 
and ATPG tools are also 
available. In addition, 
engineers can work at 
higher design levels with 
hardware-description lan- 
guages and logic-synthesis 
tools from Synopsys and 
Cadence.—Ray Weiss 

Motorola Inc, Application Spe- 
cific Integrated Circuits Div, 1300 
N Alma School Rd, Chandler, AZ 
85224. Phone (602) 821-4426. FAX 
(602) 821-4850. Circle No. 734 





Fuzzy logic 
drives 4-bit 
microcontroller 


ately, 4-bit microcontrollers 

get little respect; but, 4-bit 
microcontrollers (wCs) are potent 
processors that are still evolving. 
Hitachi’s Compact 400 series 4-bit 
wCs bring the high-end HMSC400 
architecture—4-bit data and 10-bit 
instruction—down to smaller 28-pin 
applications. Hitachi is simultane- 
ously adding sophisticated high-end 
software capability, which is the 
first set of fuzzy-logic development 
tools for 4-bit Cs (see box, “Fuzzy 
logic arrives in the 4-bit world”). 

Running at 4.5 MHz, the Com- 

pact 400 series delivers more than 
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1 MIPS; an instruction cycle takes 
0.89 psec. With 28 pins, the nCs 
support 22 I/O lines and are self- 
contained, with as much as 2k x 10 
bits of program ROM or 4k x 10 bits 
of program EPROM. 


“COMP 1 Ver 


Vre RESET OSC, OSC, 
COMP 0 | 


INTERRUPT CONTROL 


INSTRUCTION 
DECODER 


Contrary to many engineer’s ex- 
pectations, 4-bit architectures have 
the programmability of a standard 
8-bit wC. They differ, however, by 
having a smaller, 4-bit-wide data 
path that limits I/O bandwidth and 
can complicate dynamic program 
addressing. However, for many ap- 
plications such as small appliances 
or consumer products, 4-bit data 
paths are more than adequate. 
Also, the peripheral lineups of these 
wCs suit them for high-current or 
-voltage drive applications; for ex- 
ample, in LCDs and vacuum fluo- 
rescent displays. 

Unlike many 4-bit wCs, the Com- 


Fuzzy logic arrives in the 4-bit world 


Engineers no longer need 8- or 16-bit microcontrollers as a base for 
embedded fuzzy-logic applications. Fuzzy logic now runs on 4-bit wCs 
as well. Hitachi Ltd and Togai Infralogic Inc cooperatively developed a 
fuzzy-logic development tool, which delivers code that runs on 4-bit 
wCs: the Hitachi Compact 400 and the HMSC400 Series. 

Fuzzy logic offers a simplified control mechanism, replacing complex 
control equations. With fuzzy logic, input measurements are converted 

_into fuzzy values of input membership functions and are used to drive a 
set of logic rules. These rules take the fuzzy input values, evaluate them 

in parallel, and produce fuzzy outputs. These results are then mathemati- 
cally squeezed to deliver standard control outputs. 

For many applications, fuzzy technology enables engineers to concen- 
trate on the control problem rather than creating the complex mathemati- 
cal equations needed for control. Building a fuzzy application is a matter 
of defining input and output membership functions, writing the rules, select- 
ing a “‘defuzzying’’ method, and then testing the system. 

Fuzzy processing runs on a 4-bit Compact 400 pC. A typical control 
problem with 3 inputs, 14 rules, and 2 control outputs takes less than 
1.6k X 10 bits of program ROM, including the fuzzy runtime library. In 
addition, it uses 104 nibbles of RAM. 

Togai Infralogic supplies an interactive, MS-Windows-based fuzzy-logic 
development system. The H400 wFPK&C, a runtime fuzzy-processing 
kernel and compiler for the Hitachi 4-bit wCs, supplements this tool kit, 
which costs $18,500 (no production code royalties). Togai has similar 
development tool sets for Hitachi 8- and 16-bit wCs. . 

Togai Infralogic Inc, 5 Vanderbilt, Irvine, CA 92718. Phone (714) 975- 
8522. PAX (714) 975-8522. Circle No. 736 
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This 4-bit jxC uses 10-bit instruction and 4-bit data paths. The compact chip comes with 
a voltage comparator, serial lines, and timers. 


pact 400 actually has a 10-bit in- 
struction word (most use 8-bit in- 
structions) with 4-bit data paths. 
Ten-bit instructions give the proc- 
essor additional addressing and op- 
erand capabilities, thereby simpli- 
fying programming. By using a 
10-bit-wide instruction, the CPU 
can support a complex set of in- 
structions. In addition, a single 
ROM word can serve as an im- 


Hitachi HMC400 compact 
4-bit pC 


Clock .. . . 1.125, 4.5 MHz (internal) 
Instruction cycle . . . 0.89 to 4.0 psec 
Registers . . Six 4-bit registers, 12-bit 
program counter, 8-bit stack pointer 
Memory. . . . 64 or 128x4-bit RAM 
1k or 2k x 10-bit ROM 

or 4k x 10-bit EPROM 


. . . Timer/counter; watchdog 
22 special drive lines 
1 external 

. . Serial interface, 
voltage comparator 
Fower..._... 3.5 to 6.0V: low-power 
version 2.5 to 6.0V 


Interrupts 
Miscellaneous . . 








] Meg of SRAM. 20ns access 
times. Sub-micron CMOS. 
But wait, there’s more. 


MOTOROLA 


MICR 
AND PERIPHERAL Die eSSOR, MICROCONTROLLER = 













M68000 ej76 5 “ 







For fast access to more data _ _ Plus a 256K x 32 bit module. All 
than you ever dreamed, now’s ‘eae? §=—s nade with the built-in quality 
the time to check out Motorola’s new ~ jiiga==sscm am and reliability of Motorola's 
1 Meg CMOS Fast SRAMs. Because ~ 8 micron CMOS process. 
when you do, you'll receive a six- To find out more, _ gall 
month subscription to Motorola’s sendinthecard (i 





“ MOTOROLA MICROPROCESSOR, MICROCONTROLLER |; 


Update service, absolutely free. —! 
Update gives you indepth data 

on all the latest Motorola products, _ 2 

with technical data sheets, applica- Hii fey, with details, today. You'll get 

tion notes, data books, and product aa age we all the data on our 1 Meg Fast 

brochures. Hot off the press, SRAMs — and on all the 

and direct to your door — for six ~~ newest Motorola products, 

full months. = : with Update. Plus a free master 
After all, fast access is what our Vo... 4, product selection guide, and a data 

1 Megs are all about. With industry- B... disk for cross-referencing Motorola 

leading 20, 25, and 30ns access \y devices with competitive 

times. In any configuration you | products. But you have to act fast, 

need, including 128K x 8 bit, because this offer is limited. 

256K x 4 bit, and 1 meg x 1 bit. Send in the card today. 









If you like what’s new, wait ’til you see what’s next. 
(AA) MOTOROLA 


Motorola offers a complete portfolio of CMOS and BiCMOS Fast SRAMs with densities from 16K to 1 meg, plus 2 and 8 meg modules. BiCMOS access times are as fast as 8ns (256K) and 10ns (1 meg). 
& and Motorola are registered trademarks of Motorola, Inc. © 1992 Motorola, Inc. 
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mediate RAM address (it addresses 
1k nibbles). 

A low-power version of the Com- 
pact 400 operates at 2.5 to 6.0V. 
Using a 1.125-MHz clock, this ver- 
sion reduces power consumption by 
60% and delivers a 3.55-ysec in- 
struction cycle. 

Two timer combinations are 
available: one with an 11-bit pre- 
scaler and 8-bit timer/counters, and 
one with an 11-bit prescaler, 8-bit 
(free running) watchdog timer, and 
an 8-bit auto-reload timer/event 
counter. The prescaler counts up 
the system clock and can provide 
low sampling frequencies. The 
prescaler divide ratio (count) is 
set into a timer mode register. 

—Ray Weiss 

Hitachi America Ltd, Semicon- 
ductor and IC Dw, 2000 Sierra 
Point Pkwy, MS-080, Brisbane, CA 
94005. Phone (415) 589-8300. FAX 
(408) 583-4207. Circle No. 735 


Low-cost 32-bit DSP 
processor runs floating- 
point operations 


"T tits bit DSP is no longer 
the preserve of expensive ap- 
plications. Analog Devices’ ADSP- 
21010 is a reduced version of the 
high-speed, 32-bit floating-point 
ADSP-21020. 

Priced at $49.90 (100), the ADSP- 
21010 delivers 32-bit floating-point 
power, running a complex 1024 
FFT in 1.54 msec. To lower the 
cost, however, the ADSP-21010 is 
a slower chip, having an 80-nsec in- 
struction cycle—compared with 40 
nsec for the ADSP-21020. The proc- 
essor is also less complicated, sup- 
porting only IEEE 32-bit floating- 
point format. 

The ADSP-210x0 series architec- 
ture is structured for high-speed. 
DSP, especially algorithm inner 
loops. The DSP CPUs support a 
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modified Harvard architecture, 
with separate external instruction 
and data buses. The processors 
have a 48-bit instruction word and 
a 32-bit data word, with 24- and 32- 
bit address buses, respectively. 
The 48-bit instruction word has 
extra bits to define multiple opera- 
tions per cycle. It does, however, re- 
quire two different memory designs— 
32 bit (data) and 48 bit (program). 
These DSP architectures have a 
unique instruction caching scheme. 
Each processor has a small instruc- 


The ADSP-21 01 o processor 


25 Hz external : 
Instruction cycle . 80 nsec at 25 MHz © 
complex 1024 FFT (1.54 msec) 
Registers... . 10-port register file | 

| 2 sets of 16 registers. 
: 48-bit instruction — 
| | 32-bit data — 
Address space . . Separate instruction © 
and data: 40-bit instruction, 32-bit data 

— On-chip memory . . . Small, effective 
32-word (48-bit) instruction cache; 
_-2-way, set associative — 
“Arithmetic . _. 32-bit fixed, IEEE 
_ _ floating point — 

. Five ‘external interrupts: 





Memory space . 


Interrupt . 
Serial . . Asynchronous serial interface 
synchronous serial interface — 
ADD, D/A, AES/EBU 
. Automatic loop © 


_ Miscellaneous . 
control, on-chip ICE support 
ed PGA 





tion cache (32-word cache) to hold 
inner loop instructions. When exe- 
cuting instructions in a programs’ 
repetitive inner loop of the cache, 
the program address and program 
data bus are used to access data. 
The CPU does two data memory 
accesses per instruction cycle; it has 
two built-in address generators for 
data access. 

The ADSP-210x0 design avoids 
expensive on-chip data caches and 
large instruction caches. Processing 
centers on a 10-port, dual 16 x 40- 
bit register file; it has two sets for 
fast context switching. The register 





file is served by an ALU, a multi- 
plier (and fixed-point accumulator), 
and a32-barrel shifter.—Ray Weiss 
Analog Devices Inc, Box 9016, 
Norwood, MA 02062. Phone (617) 
461-8704. Circle No. 737 


Chip integrates 
8051 architecture 
with EEPROM 


a me can now use a single 
microcontroller (wC) chip for 


embedded designs; unfortunately, 
single-chip solutions generally use 
on-chip ROM. Debugging embed- 
ded ROM code isn’t easy: you need 
to change the code as the applica- 
tion code shakes down. Siemens’ 
Macrochip provides a debug solu- 
tion for 8051-based designs. The 
80C51xxx Macrochip is a single-chip 
hybrid. Packaged in a 64- or 84-pin 
plastic leaded chip carrier, the chip 
contains an 8xC51 chip and EEPROM 
memory in place of on-processor 
ROM, so users can easily repro- 
gram the code. 

With the Macrochip users can de- 
bug their programs, modifying pro- 
gram memory as needed. With the 
32-kbyte EEPROM version, you 


“The Siemens 80C51 xXx 
a 


. "_ 256-byte scriteh ate | 
"2k external RAM (some) 
8- or 32-kbyte EEPROM | 
| b4kbyte instruction address Space 
_ 64-kbyte data address space 
. Three or four 16-bit counters — 
watchdog timer 
. Six or seven ports: 56 pins 
| One input port: 8 pins 
Interrupts _....... . 2 eterna 
—— . 8-bit A/D converter, | 
| duplex serial 1/0. 
- 68- or panass PLCC | 


) Times 


| yOs.. 
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Brushless 
DC motors 
from Lamb 


have arrived 





The performance and 
endurance of Lamb*® 
motors will take you just 
about anywhere. 


Lamb motors utilize electronic 
commutation to give you a 
motor that “flies” a lot further in 
a more compact housing. 
These brushless DC motors 
have a high torque to inertia 
ratio for the superior stop/start 
capability required in today’s 
high tech applications. They 
also minimize the problems of 
ripple torque, cogging effects, 
or demagnetization by high 
currents by utilizing cost- 
effective rare earth magnets. 


CIRCLE NO. 51 


Only 2” or 3.2” in diameter, 
these motors have stall torque 
ratings up to 84 oz-in for 
applications including tape 
cartridge drives, medical 
instruments, robots, pumps, 
compressors, or machine 
tools. 

AMETEK, Lamb Electric 
Division, 627 Lake Street, Kent, 
OH 44240. Tel: 216-673-3451. 
Fax: 216-673-8994. In Europe, 
Friedrichstrasse 24, 6200 
Wiesbaden, Germany. 

Tel: 611-370031. 
Fax: 611-370033. 


AMETEK 


LAMB ELECTRIC DIVISION 
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meet all your 
military, computer 

and industnal 

requirements 


e Both Linear and Switching sis 
Models available New Switching 
Series .500” Tall 

e Linear available with terminal strip 
or PC mount 

e Single, Dual, Triple Outputs 

@ No Derating to 70°C 

e Regulated—lsolated gg» 


@ Up to 200 Watts 
available 

@ Universal AC Input 
85—264V AC 
up to 65 Watts 

e Jumper Selectable rouse up to 
200 Watts 

e Short Circuit Protection 

e UL-CSA-TUV Compliant 

e Regulated-lsolated 

@ Multiple Outputs 


e Low Profile .500” Height 

e Meet MIL-STD-704D Input 
Requirements 

@ Optional — 55°C to +85°C 
Operating Temperature 

e Selected Environmental 
Screening per MIL-STD-883 
available , 
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can include extra debug code—such 
as a ROM monitor—without run- 
ning out of memory space. Program- 
ming the EEPROM doesn’t require 
new board voltages; 5V is all that’s 
necessary. The chips have standard 
8xC51 pinouts. To program the 
EEPROM, the rest pin and port-3 
pins 6 and 7 are pulled low. 

The Macrochip integrates an 
EEPROM and processor. The 
EEPROM is not treated as external 
memory by the processor chip; in- 
stead, it’s addressed as processor 
on-chip memory. The processor’s 
chip bondout pins link to the 
EEPROM for direct addressing. 
Consequently, the EEPROM runs 
at processor ROM speeds, not at 
the slower 8051 external-memory 
access speeds. 

The 8xC51xxx Macrochip has 
four modules: 80C515AH-3J, 
88C515AH-5J, 80C517AH-3J, and 


| EEPROM 2 


EPROM |__ 
CONTROL 
SIGNALS 


83C517AH-5J. The 80C51xxx is a 
CMOS 8051 core with a 12- or 18- 
MHz clock rate, 256 bytes of RAM, 
and 8 or 32 kbytes of EEPROM. 
The 88C51xxx is a variant of the 
8051, with an additional 1 or 2 
kbytes of external RAM. 

Siemens extended the 8051 archi- 
tecture and added seven 16-bit data 
pointers, supplementing the 8051’s 
single addressing pointer. These 
pointers relieve a major bottleneck 
in the 8051 operation: off-chip mem- 
ory addressing that is forced 
through a single pointer. Multiple 
pointers enable programs to main- 
tain and to use multiple external ad- 
dresses easily for program and 
data.—Ray Weiss 

Siemens Components Inc, 2191 
Laurelwood Rd, Santa Clara, CA 
95054. Phone (408) 980-4500. FAX 
(408) 980-4596. Circle No. 738 





Electronics, ae 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 

FAX 914-699-5565 


This microcontroller is a microcontroller within a chip: It uses an 80€515 as a core, 
supplemented with as much as 32 kbytes of EEPROM. You can easily reprogram the part 
electrically using only 5V. 
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product to use. And where to use it. 

But you don’t have to know the dif- 
ference between elastomers and 
finger stock to succeed. You just have 
to know Instrument Specialties. | 


Effective shielding starts 
with your design. 

That's why our engineers work 
with yours to develop a total 
shielding solution right from the 
design stage. It can save plenty of 
costly rework—and worry. 


Say goodbye to frantic 
product searches. 

Whatever you need, we already 
have in stock—and in Europe, at our 








It's easy to achieve electromagnetic 
compatibility when you know what — 


be can. 


igian | 1er it's con- 
ducti Sesiomen: wire mesh, or 
the best beryllium copper fingers... 
off-the-shelf or custom parts... or 
specified platings. And with the sup- 
port of Instrument Specialties USA's 
CAD/CAM, photoetching and wire 
EDM capabilities, customization is 
not only easy, but economical too— 
especially with Finite Element 
Analysis, which tests parts by com- 
puter before production. 









Where Shielding 
is a Science 
CIRCLE NO. 52 







Certified tests at Instrument 
Specialties USA cover all current 
EMC specs and standards. And with 
our EMC experts helping you from 
design through production, passing 
the test will be a lot easier. 


Chances are there's an 
Instrument Specialties agent 
in your country. 

We're well-represented in Europe, 
the Middle East and Africa. So why 
settle for just shielding, when you 
can have solutions? Call Instrument 
Specialties today for the agent 
nearest you, and find out what it’s 
like to be EMC worry-free. 


Instrument Specialties 


Instrument Specialties Europe, S.A. 

3 Avenue du Progres, B 4432 Alleur, Belgium 
TEL: + 32-41-63-3021 FAX: + 32-41-46-4862 
A division of Instrument Specialties, USA 
Delaware Water Gap, PA 18327-0136 

TEL: 717-424-8510 FAX: 717-424-6213 





Until now, DOS anc 


Introducing IRMX° for Windows: 
Real-Time Windows™ for PCs. 

Running DOS or Windows’ and real-time on a 

PC used to create some rather formidable challenges. 

After all, you could only run one at a time. 

Fortunately, there’s a whole new direc- 

tion in real-time processing. It’s called iRMX® 
for Windows. And it’s a proven environment 


AWARD 


couldnt ru 


that lets DOS and iRMX software work together to 
generate powerful applications. 
This reliable operating system takes full 
advantage of the protected-mode features of the 
popular Intel386"architecture. So it opens new 
avenues for cost-effective solutions. 
Of course, IRMX for Windows also 
opens some powerful options for software 


© 1991 Intel Corporation. iRMX is a registered trademark and Intel386 and Real-Time Windows are trademarks of Intel Corporation. *Windows is a trademark of Microsoft Corporation. 


iRMX for Windows is an EDN Innovation of the Year Award winner for 1991. 
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eal-time applications 


concurrently 


engineers. Like bringing the huge installed base of 
DOS applications, tools, and the popular Windows 
environment to real-time development. What’s 
more, as a developer, you’ ll receive professional 
support from Intel engineers. 

All of which is important when you’re racing 
to bring your application to market. 

So make the shift to iRMX for Windows. 


Call 1-800-GET-iRMX and ask for Lit. Packet #1C. 
You'll receive our Real-Time Response Kit. And 
give your next application some serious momentum. 


intel. 


The Computer Inside 
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Its a new commitment to leadership on-time delivery and unmatched service 
shared by every one Of us. and support. 

You see, at Maxtor were driven to ensure Whats more, were committed to setting 
that our customers are satisfied with every product trends. Take our new MXT-1240. 


aspect of the way we do business. From It's simply the highest performance, highest 
innovative technology and designs to out- capacity 3.5 inch drive in the industry 
standing quality, competitive pricing, today. Or consider our new 7213, which sets 
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irive 
AXTON. 


new value standards in 200MB-class 3.5 __ the limits of technology 





inch drives. Because at Maxtor, being the best in the 
And this is just the beginning. In the business is a goal shared by all. 
coming months, youll see even more And that's a point worth driving home. 


remarkable new products. ® 


Leadership products that will extend 
the limits of your application and push 








Maxtor Corporation, 211 River Oaks Parkway, San Jose, CA 95134 1-800-2-MAXTOR. 
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AMP and AMPMODU are trademarks of AMP Incorporated. 





AMPMODU 50/50 Grid Connectors 
give you a choice of parallel pcb stack 
heights: .390”, .320”, and a very close 
.200” (the tightest in the industry). So 
you can squeeze everything possible 
out of (or into) your design. 

This surface-mount system utilizes 
a .050” contact grid in double row, 


polarized shrouded headers and 
receptacles, and offers our exclusive 
plated copper alloy holddowns . On 
standard .062” thick boards, the 
barbed holddowns do their job without 


protruding through, allowing surface 
mounting on both sides. And holddowns 
are soldered during reflow, providing 
long-term strain relief. 

Dual-beam receptacle contacts 
and duplex gold plating provide high 
reliability, in selected sizes from 10 to 
100 positions. Dimensional tolerances, 
reference datums, holddown charac- 
teristics, and packaging support 
robotic application; materials are fully 
compatible with IR and vapor phase 
reflow processing. 


CIRCLE NO. 55 


i 


Call the AMP Information Center near you: 


Scandinavia: 
Sweden 0758-104 00 (fax 0758-194 70) 
Central Europe: 
Holland 073-200 911 (fax 073-212 365) 
Germany 6103-709 659 
(fax 06103-709 619) 
Great Britain: 081-954 2356 
(fax 081-954 6234) 
Southern Europe: 
France 1-34 43 27 20 (fax 1-3030 4550) 
Italy 011-71781 (fax 011-778 1116) 
Spain 03-200 84 66 (fax 03-201 78 79). 


| 
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1g a Se is ane low In 
you can view a mistake on sili- 
part of the development 
stead of a disaster. 
large group of designers 
ven't designed gate arrays, 
ng an FPGA can be a significant 
. -— and can cause anxiety. 
_These designers are often de- 
signing with standard SSI 
__and MSI (medium- 
scale integra- 
tion) TTL 
and 
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addressing the RAM. The design 
incorporates more than 1500 true 
logic gates and includes large regu- 
lar structures, such as counters and 
compare circuits, plus plenty of 
gate-and register-level logic. (For a 
detailed circuit description and 
schematics for the full circuit, see 
box, “Pack the digital logic into one 
FPGA.”) 


Selecting the FPGA 

I decided to use the Actel Act 1 
FPGA family for my design. The 
choice of Actel was an arbitrary 
one—there. are perhaps a dozen 
companies with products that fall 
into the FPGA and complex-PLD 
category that are appropriate for 
my design (Ref 1). 

I chose the Act 1 family over 





_ DATA AT TRIGGER —— 
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| SIGNAL<TRIGGER ~~ 
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TRIGGERPOSITION 
| CLOCK SELECT ——————— aa 
| CLOCK 1———— 
clock2-——— 


EE 28 BIT SUCCESSIVE. 
/| | APPROXIMATION | 
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Actel’s higher performance and high- 
er density Act 2 family because I 
didn’t need the extra features. And, 
the Act 1 family costs less—the 
A1020A FPGA costs $36.25 (100). 
To begin the project, I took 
Actel’s 2-day training class. The 
class is included in the price of a 
system ($2950), or you can purchase 
it separately for $495. The class 
takes you through the process of 
designing an FPGA with Viewlogic 
schematic capture and simulation 
tools, and Actel’s ALS software 
tools for all other functions. The ba- 
sic design flow is shown in Fig 2. 
The class uses canned files that 
you modify. For example, you'll add 
some components to a partially 
completed schematic to finish it. 
The class runs at a reasonably fast 
pace, but you won’t fall behind even 
if you're unable to complete a step 
in the time allotted, because fin- 
ished files are available. For exam- 
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* STATE CONTROL 
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* OPTICAL ROTARY — 
ENCODER DECODE > 
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TRIGGER POS 


ple, if you haven’t finished the sche- 
matic when it’s time to move on to 
simulation, you can use a file that 
contains the completed schematic. 

The class also covers some tools 
I didn’t use in the project. A syn- 
thesis tool (ALES) lets you convert 
Boolean equations directly into 
logic. You can: use the synthesized 
logic blocks in your schematic as 
you would use other macro sym- 
bols. Another tool, called the 
Timer, is a static timing tool that 
lets you look at path delays, both 
before layout and after place and 
route. At the end of the class you 
program an FPGA that contains a 
timing circuit and drives a 7-seg- 
ment display. 

Because Viewlogic CAE tools 
were used in the class, I elected to 
use them on the project, although 
Actel provides libraries and support 
for a variety of other workstation 
and PC-based tools. 


0 ANALOG 
OUTPUT 






_15-BIT ADDRESS © 


COUNTER 





DISPLAY TRIGGER 





ARMED 

TRIGGERED 

END OF DATA MARKER 
CAPTURE TRIGGER 
MARKER 


Illustration by Gregg Dinderman 


Fig 1—The FPGA contains all the digital logic of this record and playback circuit. The circuit converts a + 5V signal to 12-bit resolution 
at 167 ksamples/sec and plays it back continuously for viewing on an analog oscilloscope. 
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The building block on an Actel 
Act 1 FPGA is a logic module. What 
you actually design with is a logic 
module or group of logic modules 
configured as a hard or soft macro. 
A logic module starts as a flexible 
uncommitted block of logic; it can 
perform many different logic func- 
tions depending on how its connec- 
tions are programmed. Actel pro- 
vides hard macros, which define the 
logic-module connections to perform 
specific functions. 

The hard-macro building blocks 
for designing an Actel FPGA are 
gates, gate combinations, latches, 
flip-flops, multiplexers, adders, and 
buffers. You can also configure 
every I/O pin as an input buffer, 
an output buffer, a bidirectional 
buffer, or a 3-state buffer. One in- 
put pin is designated as a clock 
buffer. You can see many of the ba- 
sic building blocks and variations on 
pages of the circuit schematic (see 
Figs 4 to 15, which begin on pg 107). 

Designing with the FPGA build- 
ing blocks is similar to designing 
with 7400 series SSI devices, except 
in most cases the FPGAs are more 
flexible. For example, 2- and 38- 
input AND gates are available with 
any or all of their inputs inverted. 
You can select D flip-flops with 
positive clear, negative clear, and 
so on. Every gate macro I used re- 
quires a single module. Even a rela- 
tively complex gate combination, 
such as the 4-input AND/OR gate 
shown in Fig 15, is a single module. 
Although there are a few combina- 
tions that require two modules, I 
was able to avoid using them. 

Latches also require only one 
module, even with a clear, an en- 
able, or multiplexed inputs. Flip- 
flops, however, require two mod- 
ules. In cases where a latch will 


work as well as a flip-flop, the mod- 


ule savings makes the latch a better 
choice. For example, the circuit 
needed to generate the DLY shown 
at the bottom of Fig 6 uses two 
latches instead of flip-flops. 


Another gate-saving consideration 
is to use multiplexed data inputs on 
both latches and flip-flops to bring 
2-input gates inside them. The re- 
sult saves a module. For example, 
the latch generating DISP_TRIG 
in Fig 6 effectively ANDs together 
DISP_TM and PLYBK. 

Part way through the design, I 
learned that the ALS software 
automatically combines 2-input 
gates with flip-flops and latches 
wherever possible. Therefore, you 
can see cases where I’ve left the 
gate separate, such as the latch 
and AND gate in Fig 15. The sche- 
matic is easier to read with the AND 
gate separate, so I’d recommend 
letting the software do its job. The 


_ UBRARIES 


PROGRAM 


ROGRAM | | STATIC TIMING — 
 pevice | | 3 


| FORDEBUG 





RUN DESIGN 





end result on the FPGA is the same. 

When your design calls for larger 
blocks (such as counters, adders, 
multipliers, decoders, and large 
registers), you’ve got several 
choices. You can use a soft macro 


if one exists, alter one if it’s close 


but not quite what you need, or 
build what you want from scratch. 
The soft-macro library includes a 
wide selection of functions. 

For example, you can select an 
adder with 8-, 12-, 16-, 24-, or 32-bit 
capacity. The soft-macro library 
also includes macros that are 
equivalent to some MSI TTL cir- 
cuits. For example, the 8-bit up and 
down synchronous counter with rip- 

Text continued on pg 104 


SCHEMATIC 
— DESIGN | 


| NeETLST 
CONVERSION © 





"FUNCTIONAL 
(UNIT DELAYS) - 








VALIDATE 


-PLACEAND 
ROUTE DESIGN | 


| DELAYS TO SIMULATOR — 


“SIMULATION | 


Fig 2—The total time for running netlist conversion, design validation, place and route, 
and exporting as routed delays took about half an hour for the design. This relatively 
fast turnaround lets you make quite a few design iterations in one day. The logic synthesis 
and internal probing for debug were not used on the project. 
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Pack the digital logic into one FPGA 


When | decided to design an FPGA (field-programmable 


gate array} and write about it, | wanted to use it in a 


circuit with a minimum of other parts, yet | wanted the 
circuit to be moderately complex so that it would be a 
true test of designing with an FPGA. The record and 
playback circuit | chose packs all the digital logic into 
the FPGA, and the only other parts it requires are RAM 
and a few analog |Cs (see Figs 4 to 15 beginning on 
pg 107). _ 

The top-level schematic for the overall circuit is shown 
in Fig A. The circuit uses the same 12-bit DAC and 
op amp for successive-approximation conversion during 
record and for generating the analog output during 
playback. Because conversion and playback use the 
same DAC, the gain and offset errors of the DAC and 
op amp do not add to the system error. 

During conversion, the circuit compares the DAC’s 
current output, converted to voltage by a high-speed 
op amp, with the sampled input voltage. The com- 
parator output drives the successive-approximation 
logic. Two parallel paths alternately sample and com- 
pare the input against the DAC output. The alternating 
approach saves both the sampling time and the hold- 
settling time. Each bit decision takes 500 nsec, providing 
a complete 12-bit conversion every 6 psec. 

The design depends on closely matched offsets in 
each of the two S/H and comparator paths. You can 
expect close matching because both comparators are 
on the same monolithic IC. The same is true for the S/H 
channels. 

Gain accuracy of the circuit depends on the gain 
accuracy of the S/H circuit and on the comparator’s 
CMRR. The AD684 provides a worst-case gain error 
of +5 mV over the +5V input range. The LT119A 
used in the circuit has a minimum CMRR of 90 GB, 
contributing less than a 0.4-mV error over the +5V 
input range. Although the LT119A used in the circuit 
has a minimum CMRR of 90 dB at dc, the CMRR is not 
specified at the 2-MHz frequency of the design. In 
fact, depending on high CMRR at frequency is risky, 
and generally frowned upon by knowledgeable analog 
designers. In this design | felt the risk was justified by 
being able to use one DAC for both record and play- 
back. 

The digital part of the circuit has four basic states 
(Fig 5): clear memory, armed, triggered, and playback. 
Playback is the default state when the circuit is reset. 
The other three states are also ORed together in the 
circuit to form the recording state (RECD). 

To start recording, you depress the momentary arm 
switch to initiate the clear memory state. The clear 
memory state starts writing A/D conversions from the 
successive-approximation conversion into RAM, but dis- 
ables the trigger until you fill the entire memory with 
new data, writing zeros to DI13 and ones to D1 4. After 
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you overwrite the entire memory, the state changes to 


armed, and the circuit continues to record data until the 
trigger logic is satisfied. Once triggered, the state 
changes to triggered (TRIGD) and the circuit converts 
24,000 more samples, stores them in memory, and 
returns to the playback state. 

You set the trigger level using a rotary encoder to 
adjust a 10-bit up-and-down counter (Fig 14). The logic 
performs a 10-bit magnitude compare (Fig 15) of the 
successive-approximation converter output with the trig- 
ger level to determine when to trigger the circuit. 

The trigger-level compare is a full-magnitude com- 
pare that tests whether the digitized input signal is 
greater than or equal to the trigger-level setting or less 
than or equal to it, depending on the input (TRIG_GE). 
The 10-bit range provides a trigger-level resolution of 
10 mV and gives time for the magnitude-compare results 
to become valid while the successive approximation is 
finishing the last two bits. 

Control logic (Fig 10) also generates the RAM write 
enable (N_.WE), the RAM output enable (N_OE), and 
the FPGA’s output enable (F_OUT). Fig B diagrams the 
basic record and playback timing. 

A 12-bit shift register (Fig 4) generates the 12 timing 
states needed for the successive-approximation conver- 
sion. These timing signals are also used to control all 
timing-related logic in the FPGA. 

A clock-select circuit lets you select between two 
clocks. The circuit can play back the data at a much 
higher rate than it can during recording, because the 
DAC only changes state once every 12 clock cycles 
during playback. 


Successive-approximation conversion 


The A/D conversion starts with sampling and then 
holding the input. The timing generator uses a 12-bit 
shift register to control the 12 states of the successive- 
approximation conversion. | created a macro, called 
SAR, for the conversion and used one for each bit (Figs 
7 and 8). The details of the macro are shown in Fig 3. 

The conversion starts at the beginning of the T] cycle, 
DAC data inputs are reset to a low state, except the 
MSB, which is set high. The correct analog-comparator 
inout is multiplexed to the successive-approximation 
logic, and near the end of the Tl cycle, the global 
clock signal (GCLK) clocks in the comparator’s output 
state. At the beginning of cycle T2, the next bit, DAC2, 
is set high, and driving the MSB remains in the state 
latched in at the end of T1. The conversion process 
continues in a similar manner through T11 and the 11th 
bit. The LSB is slightly different. Near the end of T12, 
the FPGA will write all 12 bits to the RAM. For this 
reason the data for the LSB comes straight from the 
comparator without being clocked into the flip-flop. 


When in the playback state, the DAC receives data 
Text continued on pg 104 
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ple carry used in Fig 12 performs 
the function of a 74269. 

When you need something a little 
different from the stock parts, the 
flexibility of a soft macro really 
shines. Unlike hard macros, which 
you cannot alter, you can copy and 
then alter soft macros to perform 
exactly the function you want. In 
fact, any time during the design 
that you want to see what is sche- 
matically in the guts of any soft 
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macro, you just select the device 
and push down into the next level 
of the hierarchy. 

The device labeled CNT 128 in 
Fig 13 is a 7-bit version of the 
TA269 in Fig 12. I created CNT 
128, my first soft-macro conversion, 
in approximately 10 minutes. Now 
that I know how, it should take less 
than 5 minutes. It really is that sim- 
ple. All you do is copy and rename 
the macro’s schematic and symbol, 
then make the modifications to the 
new schematic and symbol. When 
you want to use the new function, 
you call up the symbol and put it 
on your schematic. You can find 


N (EVEN) 


INVALID (CONVERTING) bo 


other customized soft-macro exam- 
ples in the schematic, such as 3-bit 
counters (Fig 10) and 7-bit latches 
(Fig 12). 

Making a custom macro takes a 
little longer than merely modifying 
an existing macro because you need 
to create the full schematic and 
symbol. However, it isn’t really any 
more difficult. SAR, used in Figs 
7 and 8, is a custom macro I created 
to save a few pages on the sche- 
matic. The schematic for the macro 
is shown in Fig 3. 

You don’t necessarily have to 
modify a standard soft macro if you 
don’t need all of it. The rule is that 
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EDN-SPECIAL PROJECT 





you can’t leave any unused inputs— 
all inputs must be tied to a signal, 
V.¢, or ground. You may leave out- 
puts unused; the software should 
remove any unnecessary logic asso- 
ciated with the unused outputs. The 
software will issue a warning when- 
ever an output is unused, giving 
you a chance to verify that the omis- 
sion is intentional. 

You shouldn’t tie unused inputs 
to V,,. or ground if it’s possible to 
eliminate them. The flip-flops in Fig 
10 should be changed to macros 
without the preset. CNT4B on Fig 
6 loads all zeros. A more efficient 
design would just use a Clear and 





oe indicate 1 the pea in 








eliminate the load function on the 
counter. Even if the change doesn’t 
result in a module savings, unneces- 
sary inputs tied to power and 
ground restrict routing flexibility, 
which might affect the overall per- 
formance of the circuit. 

Fan-out limits are perhaps the 
most noticeable change from stan- 
dard TTL design. The software 
gives you a warning for more than 
10 loads, and an error for more than 
24. For the special cases of nets you 
designate as “fast criticality” (I’ll 
discuss criticality in part 2), the fan- 
out limit drops to six loads. The 
only exception is the global clock 
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to turn the knob a8 revolutions to scroll — 
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signal. There is only one global 
clock signal on ACT 1 devices, and 
it can drive any number of loads. 

On the surface, these fan-out lim- 
its may not seem too stringent, but 
you have to remember that macros 
are just a graphic convenience, no 
signal buffering occurs unless you 
put it inside the macro. 

For example, the latch-control input 
of the 8-bit latch shown in Fig 12 is 
eight loads, not one. You'll note a buf- 
fer in front of it. In fact, you'll see 
quite a few buffers scattered through- 
out the pages of the schematic. 

Buffers are easy to add, and the 
software errors and warnings tell 
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you where they are needed. None- 
theless, they are a minor nuisance 
and one of the few blemishes to 
what I consider a nearly ideal de- 
sign environment. Of course, the 
addition of buffers should remain 
under the designer’s control and not 
be made automatic because buffer- 
ing is more than just a cosmetic 
change to the schematic. 

Buffers require a module and add 
a module delay to the signal (In part 
2, I'll discuss timing in detail). Let- 
ting module fan-out increase above 
the warning limit can cause large 
time delays too. For my particular 
design, the timing was not too 
tight, so I just added buffers as 
needed to eliminate errors and 
warnings. | probably could have left 
the warnings and still been okay. 
If your design has tight timing and 
you can’t afford extra module de- 
lays, you can regenerate the signal. 

For example, in Fig 10 you'll find 
F_OUT and a buffered version 
F_OUT_A. Had this signal been 
timing critical, 1 could have cloned 
the preceding flip-flop to generate 
two identical versions of the signal 
without any additional module de- 
lays. The cost in this case would 
be an extra module because the flip- 
flop hard macro requires two mod- 
ules, compared with the single mod- 





Getting from a concept to a finished circuit using an FPGA requires learning new software. 
Even though all the software was new to me, | learned to use it effectively for this project 


in less than a week. 


ule for the buffer. Also it means 
doubling the load on the flip-flop’s 
input signals because they’ll be 
driving two flip-flops instead of one. 
On the overall schematics (Figs 
4 to 15) I’ve only labeled nets where 
I needed to for design reasons, with 
very few exceptions. One exception 
is [AO in Fig 11. It’s labeled for 
simulation reasons I’ll discuss in 
part 2. In future designs, however, 
I plan to label every net and every 
module. Although labeling takes 
time, it pays off when simulating, 
using the static timing analysis soft- 
ware, and reading error reports. I 
have to note that several people 
recommended labeling everything, 
and I ignored the advice. In the 
end, I didn’t save any time by omit- 
ting the labels. You can take my 
advice or learn the way I did. 





Fig 3—Creating custom macros is very simple and simplifies the schematic of the overall 
design. SAR is used in Figs 7 and 8 of the FPGA schematic. If you need to make changes 
to the design later, you need to change only the macro. 
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After reading this far you may 
have come to the conclusion that de- 
signing an FPGA is not much differ- 
ent from designing with SSI and 
MSI ICs. That’s my conclusion too. 
I spent my time during schematic 
design battling with system design 
issues and how to improve the de- 
sign, not fighting with tools or won- 
dering if the clever use of a differ- 
ent MSI device would make a 
cleaner design. In part II, Pll show 
you some of the bugs I caught in 
simulation and two that I didn’t 
eatch until I tested the circuit. [ll 
also present you with the chrono- 
logical account of the project so you 
can see how much time I spent in 
each step. EDN 
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Fig 4 (top)—The schematic shows the logic for generating the 12 timing states used for all record and playback operations; Fig 5 
(bottom) shows the logic for generating the playback state and the 3 record states: clear memory, armed, and triggered. 
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Fig 6 (top)—Logic for miscellaneous control functions is illustrated in this diagram; Fig 7 (bottom) shows the logic for the lower six 
data bits (see Fig 3 for SAR macro schematic). 
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Fig 8 (top)—This schematic details the logic for the upper six data bits (see Fig 3 for SAR macro schematic); in Fig 9 (bottom), you can 
see the control logic for the S/H circuit, compare multiplexer, and rotary-encoder decode logic. 
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Fig 10 (top)—The schematic illustrates the write-enable and output-enable logic for the RAM and the output control for bidirectional 
data lines; Fig 11 (bottom) highlights the 15-bit counter for RAM address lines. 
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Super Fast. 


At 7.5ns, Lattice provides the world's fastest field-programmable 22V 10. 
Based on our high-performance E2CMOS* technology, the GAL22V10-7 


combines 111 MHz Fmax with extremely low power consumption. It eve 
supports industry standard loads and pinouts. What's more, it's 100% 
tested to guarantee perfect programming yields, less board rework and 


fewer system failures. 


For free samples and a GAL® Data Book, call 
-800-FASTGAL and ask for information packet 107. 


Lattic 


Leader in E2?CMOS PLDs:" 


Lattice Semiconductor Corp. 


Copyright © 1992, Lattice Semiconductor Corporation. E2CMOS and GAL 9090 Northeast Moore Court 
are registered trademarks of Lattice Semiconductor Corporation. Hillsboro, Oregon 97124 
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Fig 12 (top)—The lower eight bits for horizontal-output position control are illustrated here; Fig 13 (bottom) shows the upper seven 
bits for horizontal-output position control. 
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88 Pin “DAC-Per Pin” Tec 


Logical Devices offers you a truly pin driven “DAC-Per- 
Pin” programmer with electronic ground and Vcc, 4MHz 
clock, current mode source, high-speed programmable slew 
rate, and up to 10 amps of peak current on each pin. 


All of this from a 24 pin version with logic configuration. 
Easily field upgradable to 88 pins. Supports the latest of low 
to high-pin count devices such as the AMD Mach and Altera 
Max devices, National “D” PALS, Signetics PLHS Series and 
other devices your current programmer cannot program! 

Supports programming, verifying, and functional testing 
for PLDs, EPLDs, GALs, PALs, PROMs, EPROMs, EEPROMs, 
FPGAs, LCAs, MAX, MACH, ASPL, P-Sequencers, and FPLAs. 
ALLPRO is certified by key semiconductor manufacturers to 
provide excellent programming yield and reliable operation. 

No copy protection in ALLPRO-88 software and updates. 
Buy one copy for all your units. Updates are complete and 
comprehensive, each version includes all supported devices. 





ALLPRO-88 is supported by CUPL’, the world’s most 
popular logic design software, with high level behavioral 
hardware language (CHDL), multiple PLD design, ATVG 
and simulation capability. 

If all of this gives you an upset stomach over your 
Data I/O* investment, then call us fora FREE DEMO 
and a generous trade-in offer. 


6. Ceri cat. 


1201 NW 65th Place 

Fort Lauderdale, FL 33309 

Fax: (305) 974-8531 Phone: (305) 974-0967 
* Quoted price for US delivery only, F.O.B. Fort Lauderdale, FL. 


The brands or product names mentioned are trademarks or registered 
trademarks of their respective holders. 


© 1990, Logical Devices Inc. 
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Fig 14 (top)—This schematic shows the 10-bit counter for setting the input trigger level; Fig 15 (bottom) illustrates the 10-bit 





magnitude-compare circuit for detecting the input-trigger event. 
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cel®, or even 
from a digitizin 
Oscilloscope. 
WaveForm DSP also has 
Powerful math functions for 


combining, concatenating and 
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manipulating Signals, with 
Options for Signal filtering and 


waveform. 


put to printers, 
Saved as files for other 
applications. 
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you haven’t been 

comfortable with digital Signal 
Processing before, you will be 
now. And if you never thought 
of using arbitrary generators 
before, Set ready for a whole 
New spectrum of POSsibilities. 
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100% Automatic Place And Route. 


Use PLD Tools. Fast. Fast. Fast. 


You design Actel FPGAs using 
the same tools as you would a PLD: 
ABEL™ CUPL™ LOG/iC™ and 
PGADesigner.™ But that’s where 
the similarity ends. 


Coupled with your PLD tools, 
Actel’s Action Logic™ System (ALS) 
software lets you create your 
own FPGAs — using a 386 PC or 
workstation — right at your own 
desk. With Auto Place and Route 
that's proven in thousands 


Our FPGAs are real speed demons. 
Whatever application you may 
be working on, our parts will 
give you the kind of performance 
you're looking for. 


Announcing A Simple Way To Get and route gets you to observability of internal 
market fast. logic signals. So you don't» 
F Porn P LD S To FPGAs. Once your FPGA is have to give up testability 
Ifyou’rea PLD designer _ tools like CUPL” and designed, our Action Logic™ for convenience. 
with an interest in fast, LOG/iC” into logic opti- | System (ALS) converts It's never been easier to 
flexible FPGAs, but you mized for our ACT™ the captured design into make your innovative 
think you don’t have time devices. ABEL” 4.0 a completed device in designs a reality. We offer 
to learn new design tech- _ includes optimization for minutes. To give you true, you a complete family of 
niques, we'd like tochange  Actel devices. Entire FPGA __ high-density, field-pro- powerful FPGAs, like the 
your mind. designs can be developed §grammable, channeled A1010 and A1020, avail- 
First of all, you don’t with PGADesigner.” gate arrays. able in 44, 68 and 84 pin 
have to give up your exist- Actel devices offer Other FPGA manufac- PLCC versions and imple- 
ing PLD design tools or everything you wantinan turers fall short on design menting up to 273 flip- 
Boolean equations. Actel’s FPGA. Like high I/O and verification. Our exclusive flops or up to 546 latches. 
ALES™ 1 program trans- __ flip-flop counts. And Actionprobe® diagnostic — And the first member of our 
lates the output of PLD 100% automatic place tools, give you 100% ACT 2 family, the power- 


of applications. 


© 1991 Actel Corporation, 955 E. Arques Ave., Sunnyvale, CA 94086. ACT, Action Logic, ALES, PLICE, and Action probe are trademarks or registered trademarks of Actel Corporation. 


All other products or brand names mentioned are trademarks or registered trademarks of their respective holders. 
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More Flexibility And Capacity. 


Designing with Actel FPGAs 
gives you more freedom than you 
ever imagined. More gates. 
More flip-flops. More I/O. In fact, 
our new A1280 is the largest 
FPGA in the world. 


ful A1280. With 8,000 








Small Footprint. 


Actel FPGAs give you far more 
gates per square inch. As much as 
ten times as many as the densest 
PLDs. That can save a lot 
of real estate. 


capacity, and auto place 


gates, up to 998 flip-flops, | and route capabilities of 998 
and 140 I/O pins, it’s the our FPGAs are made pos- 
highest capacity FPGA sible by Actel's revo- 
today. And our lutionary PLICE”® E 
A1240-1 is the antifuse program- E 
fastest. In the ming element. The 2 341 
A1240-1, 16-bit advanced technol- 
counters run at ogy that makesour * ,,, 
75 MHz, 16-bit family of FPGAs 
accumulators at an ideal way to 
33 MHz. Enough unleash your engi- ae 
capacity and The FPGA Design Guide neering creativity. 
speed to handle Call 1-800-228-3532 
almost any application. for your free FPGA 

The superior speed, Design Guide. | 

CIRCLE NO. 59 





More Fun. 


Designing Actel FPGAs is so 
simple that you'll have more time 
to do the things that made you 
want to become an engineer 
in the first place. Or just relaxing. 
You've earned it. 
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Windows can tie together different engineering programs, 
allowing them to share functions, through dynamic link 
libraries (DLLs), and data, through dynamic data exchange 
(DDE). (Photo courtesy Hyperception) 
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As Microsoft keeps telling us, 
millions of PC users have 
bought copies of Windows 
3.X, making it, in terms of 
units sold, the most popular 
multitasking operating sys- 
tem in the world. But by 
the same reckoning, DOS’s 
EDLIN is then the most 
popular word processor in 
the world. Whether many 


EDN-SPECIAL REPORT 


Windows 


and 


engineerin 


software 





Suddenly, powerful, fast 386/486 
PCs tagged with breathtakingly low 
prices are here. These PCs have 
more than enough horsepower to 
run formidable engineering pro- 
grams under a multitasking, virtual- 
memory operating system. The 
question is, does Windows 3.X have 
what it takes? 


The new inexpensive 386/ 
486 PCs are attractive be- 
cause engineers want to run 
software that will share 
some or all of the following 
characteristics: 

e Large programs 

@ Large data sets 

® Computationally intensive 
@ Memory intensive 

®@ Graphics intensive 


people who have bought 
those copies actually run 
Windows is open to question. 
Certainly, engineers have had little use for Windows 
until recently because few engineering programs were 
available in Windows versions. 

That lack of Windows engineering software is chang- 
ing rapidly. So rapidly, in fact, that any list EDN could 
compile and publish would be obsolete the day it ap- 
peared in print (Ref 1). Rather than offering a list, 
this report will look at Windows’ facilities and how 
those facilities suit—or do not suit—the kinds of pro- 
grams engineers run. In other words, is Windows re- 
ally all the multitasking, virtual-memory operating sys- 
tem that engineers require for their new 386/486 PCs? 


Charles H Small, Senior Technical Editor 


@ Multitasking 
@ Networked 
@ Real time. 

Large, computationally intensive programs that 
crunch large data sets include circuit simulators, pc- 
board and FPGA autorouters, math programs, and 
compilers. Memory- and graphics-intensive programs 
include drafting programs, which typically have huge 
databases of devices and must manipulate large files 
to show detailed graphics displays. Also, engineers in- 
creasingly are abandoning textual-programming meth- 
ods for diagrammatic-programming systems, which 
rely on graphical user interfaces (Ref 2). 

Multitasking is not an obvious aspect of engineering 
software. Until now, most engineers who have been 
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working on PCs have not been able to do much multi- 
tasking because early PCs could barely run one engi- 
neering program at a time. Only with the advent of 
386/486 PCs and suitable multitasking systems, such 
as Windows and Desqview, has multitasking become 
a workable possibility for engineering PC users. When 
engineers find that they can simultaneously print out 
a complex drawing, compile a program, and still be 
able to draw schematics or prepare documentation on 
their 386/486 PCs, they will wonder how they ever got 
along without multitasking. 

The ability to multitask engineering programs and 
the low cost of 386/486 PCs could challenge the conven- 
tional notion that PCs are good for only simple tasks 
such as text or schematic entry and that real computa- 
tion has to be uploaded to a powerful central computer. 
Note that workstation and mainframe makers are, not 
surprisingly, the strongest advocates of the uploading 
strategy. Some engineering shops may find that they 
can get adequate performance from a network of multi- 
tasking 386/486 PCs. 


Rating Windows 


How does Windows measure up as a multitasking 
operating system working within a network? For start- 
ers, a simple, concrete definition would be useful. Win- 
dows is a 16-bit, protected-mode operating system that 
lacks file I/O. Windows’ code runs the user interface 
and manages memory and most of the computer’s inter- 
rupts. Windows relies on DOS to manage timer inter- 
rupts and passes file-handling commands to DOS for 
execution. Future versions of Windows will dispense 
with the remnants of DOS altogether. 

Windows has unique mechanisms for managing sev- 
eral large programs at once. These mechanisms are 
faster and more economical than those of some suppos- 
edly sophisticated operating systems such as Unix. 
Windows is not only a multitasker, but also has several 
unique mechanisms for exchanging data and control 
among multitasked programs. Furthermore, Windows 
has networking and support for printers and plotters 
built in. 

For real-time I/O functions, such as controlling in- 
struments and gathering data, the picture is not espe- 
cially rosy. Windows has to contend with the PC archi- 
tecture, which does not have the world’s greatest ex- 
ternal-interrupt mechanisms and DMA hardware. Fur- 
thermore, Windows grabs all the interrupt vectors in 
a PC, interposing extra processing for interrupts. And 
because Windows operates as a virtual-memory sys- 
tem, it necessarily fragments a given application’s 
memory map, making DMA an even trickier task. 

In relation to memory, Windows is really a kind of 
“DOS extender;” it gives programs access to a much 
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Running under Windows, this PLD design tool from Altera Corp 
can show multiple design-entry windows and the resulting PLD file 
simultaneously. 


larger address space than the total 1 Mbyte that DOS 
can get at. (Curiously, even though Windows allows a 
program to access vast expanses of virtual memory, 
it does not yet support 32-bit programs.) 

But Windows is not the only way a PC program can 
get access to that extra memory. Until the advent of 
inexpensive 386/486 PCs and Windows 3.X, vendors 
of engineering software have, quite reasonably, chosen 
another route to exploit the resources of 386/486 PCs: 
the so-called DOS extender (Ref 3). A DOS extender 
shifts the 386/486 wPs from real mode to protected 
mode and, unlike Windows, kicks off a 32-bit, pro- 
tected-mode program. Then the extender lurks in the 
background, capturing DOS calls from the program, 
slipping briefly into real mode so that DOS can perform 
the requested calls. Even today, some vendors still 
prefer using DOS extenders. 

Much of the new PC’s flexibility comes from the 
chameleon-like 386/486. (As far as Windows is con- 
cerned, a 486 is just a faster 386. For compilers, the 
differences between the two processors are significant 
because the 386 and 486 execute similar instructions 
in differing numbers of clock cycles, altering optimiza- 
tion strategies and instruction choices.) To help allevi- 
ate confusion that the 386/486 wP’s myriad modes can 
engender, Table 1 sorts out various common software 
systems that use different features of 386/486 wPs. 


What Windows means to programmers 


Windows comes with a host of built-in functions for 
managing a multiwindowed graphics interface. It also 
comes with an excellent built-in on-line help facility. 
In fact, Windows provides so many built-in features— 
device drivers, graphics objects, etc—that program- 
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mers have to write less code for a Windows program 
than for a DOS program. Ironically, Windows versions 
of programs tend to cost substantially more than 
equivalent DOS versions. Also, built-in functions don’t 
necessarily make programming for Windows a breeze. 

Much of what you will hear about Windows, both 
good and bad, comes from programmers who are learn- 
ing to write programs under Windows. This task pre- 
sents a steep and torturous learning curve for both 
experienced DOS programmers and experienced Unix 
programmers. Yet managers of both types of program- 
mers are flogging their galley slaves in an effort to 
get Windows versions out as soon as possible. Do not 
let the cries of anguish from below decks harden your 
heart against Windows. 

The reason for the wailing and gnashing of teeth 
from former DOS programmers is not so much that 
they must learn a mountain of new Windows operating- 
system calls (Ref 4). DOS programmers’ are in distress 
because they have to forgo years of hard-won DOS 
lore. This lore consists of innumerable tricks, “undocu- 
mented” DOS calls, workarounds, and bug fixes (Ref 5). 
The saga of the terminate-and-stay-resident (TSR) pro- 
gram illustrates “clever” DOS programming in its most 
odious form. 


Function 





DOS is, in essence, a simple program loader. It can 
stack programs in memory, one atop another, until 
they bump into the notorious 640-kbyte barrier. DOS 
can run only the program on the top of the stack. 
At one point in the distant past of DOS’s evolution, 
Microsoft decided it needed a “print spooler.” That is, 
it needed a little program that would keep feeding 
bytes to a printer while a word processor went on 
with other jobs. How to pull off such a feat in a single- 
tasking computer? 


Tales from the undocumented-DOS-calls crypt 


Microsoft’s answer was to add some “undocumented” 
(that word should strike terror into the heart of any 
hapless PC user) DOS calls that a knowledgeable pro- 
grammer could use to fix a small interrupt-driven rou- 
tine in the high end of the 640-kbyte DOS program 
space. Of course, having a routine simply stay in mem- 
ory accomplishes little more than taking up memory. 
To actually do useful work, the little program would 
have to lay some cuckoo’s eggs in other routine’s nests. 
The TSR for, say, printing, would vacuum up the con- 
tents of the interrupt registers associated with printing 
and then put its own address into that register. When 
printing interrupts occurred, the TSR would respond 
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Qualitas Inc. 
7101 Wisconsin Ave, Suite 1386 


Bethesda, MD 20814 
(800) 733-1377 _ 


EDN April 9, 1992 = 125 





[| WINDOWS AND 

ENGINEERING SOFTWARE 

to the interrupt first. The TSR could either perform 
some action or, because it remembered the original 
contents of the interrupt register, pass the interrupt 
on to the interrupt vector’s original owner. 

Microsoft couldn’t keep such a nifty feature secret 
for long. Removing any doubt that even PC users need 
multitasking, other programmers soon figured out the 
undocumented DOS call and adapted TSRs for every 
task under the sun. 

The real fun began when TSRs started “hooking” 
keyboard interrupts. DOS programmers cheerfully 
gave the DOS approved mechanisms for dealing with 


the keyboard the old heave-ho and started handling 


the keyboard in nonstandard ways. Users would add 
to the fun by loading multiple keyboard-based TSRs. 
The first TSR in the chain would get the interrupt, 
perform whatever action it felt like performing— 
perhaps changing the state of the PC—and, if the phase 
of the moon was correct, pass the interrupt to the 
next TSR in line. 

TSRs would also play the same sort of games with 
the PC’s screen. And yes, screen I/O is another area 
of extremely “creative” DOS programming. The very 
best DOS programmers will do any kind of screen ma- 
nipulations except those that involve DOS calls. Taken 
as a whole, DOS with a bunch of TSRs resembles the 
Mad Hatter’s Tea Party. 


Common sense to the rescue 


Now, no sane operating-system designer would set 
up an operating system that allows multiple tasks to 
steal shared resources as they see fit. In reasonable 
operating systems, a supervisor task monitors all inter- 
rupts, passing the interrupt to the appropriate task 
in a regular, algorithmic way. 

The bad news for DOS programmers is that they 
not only have to learn how to use 500 to 700 new 
Windows operating-system calls, but they also have 
to give up all their cherished tricks. Under Windows, 
TSRs have no purpose and should be dispensed with. 
Under Windows, programmers cannot hook user inter- 
rupts or write directly to the screen. Windows manages 
all interrupts from the mouse and keyboard and coordi- 
nates all writes to the screen. 

Programmers coming from “big” systems also have 
some shocks in store unless they have been program- 
ming for the X-Window System. Conventional Unix 
programs depend on a crude “standard-I/O” concept 
(Ref 6). The Unix standard input is a serial stream, 
usually from a keyboard, whereas Windows programs 
must be able to handle input from several sources at 
once: keyboard, mouse, etc. The Unix standard output 
is another serial stream, usually to the screen. Pro- 
grammers can redirect these standard paths. For 
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example they can simplemindedly “pipe” the output 
of one program to the input of another. Windows’ 
I/O and interprocess communications facilities are 
much more sophisticated and complex than the antique, 
Tinkertoy mechanisms of Unix. 

- Furthermore, C programmers are accustomed to us- 
ing C libraries and functions which, known to the pro- 
grammers or not, are based on DEC hardware and 
which sometimes poorly match 386/486 hardware. Al- 
though programmers can write Windows programs in 
C, much of standard C programming practice goes out 
the window. Windows has its own unique mechanisms 
for allocating memory and other system facilities as 
well as passing parameters. 

For example, Unix programmers are accustomed to 
their program’s receiving a pointer from the operating 
system in reply to a request for a system resource. 
Their program then saves that pointer, using it for the 
duration of the program’s execution. Windows pro- 
grammers cannot count on a pointer always being 
valid. Windows returns a “handle” to a system re- 
source. The handle is actually an index into a table of 
memory locations for requested system resources. As 
Windows’s memory manager moves things around in 
memory, it updates the appropriate entry in the handle 
table. 

Because C really assumes underlying DEC hard- 
ware, C makes no distinction between data pointers 
and code pointers. But 386/486 Ps can have different 
code and data spaces—a facility that Windows makes 
use of. | 

Unix is a preemptive multitasking system. Unix pro- 
grammers can write as much code as they like without 
worrying that their program will hog the system it is 
running on. Unix takes care of periodically interrupting 
programs to give other tasks time slices. Windows multi- 
tasking is self-paced. Each Windows task must give 
up the system voluntarily. 

C programmers are accustomed to conglomerating 
many standard library programs along with their code, 
statically linking the whole system before running it. 
Windows has a powerful, sophisticated mechanism for 
dynamically linking program modules as needed while 
the program runs. These dynamically linkable modules 
must be reentrant because Windows will load only one 
copy of a module and share it with as many programs 
as need it. Thus Windows permits an entirely new 
way to structure large programs. Most C library func- 
tions (except for those from real-time Unix vendors) 
are not reentrant and hence are potentially dangerous 
under Windows. 

Fig 1 shows a diagram of all the significant actors 
in a Windows system. Getting a general idea of how 
Windows runs programs and manages system re- 
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sources is essential to understanding how it suits—or 
does not suit—engineering software. The hardware/ 
software block diagram in Fig 1 is in sharp contrast 
to the way programmers conventionally describe com- 
plex software systems. 

Programmers are fond of expressing the relation- 
ships between various software and hardware actors 
in terms of “levels.” These so-called levels speak more 
to programmers’ loathing for hardware than they do 
of any actual structure. Like Dante’s vision of the cir- 
cles of hell, the inner “layer” (or lowest level— 
programmers use levels and layers interchangeably) 
of software hell is reserved for hardware. Radiating 
out from the innermost circle of software hell, you 
encounter first “low-level” drivers, usually—but not 
always—written in assembly language. 

At the next layer or level, the software begins to 
take on a divine aspect because you encounter operat- 
ing-system code usually written in a high-level lan- 
guage. Unfortunately, because an operating system 
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has to know something about the system it is running 
on, this layer still bears the taint of hardware. 

Finally, after passing through the operating-system 
layer, the programmer is in the pristine realms of the 
application layer and the outermost layer, the user 
interface. These areas are the most divine because it 
is in these areas that, free from the hardwired limita- 
tions of hardware, the programmer is in total control 
and becomes part of the software godhead. 

In reality, a complex hardware/software system such 
as a 386/486 PC running Windows does not have a 
structure that resembles an onion. The application pro- 
grams, Windows, DOS, and the PC’s hardware each 
contribute a number of significant actors. These actors 
form the complex network in Fig 1. This network’s 
topology permits certain transactions and forbids oth- 
ers. Various hardware and software actors have prede- 
fined, or hardwired, mechanisms that govern how the 
actors interact. 

The important point is that some of these mecha- 
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Fig 1—Multitasking programs running under Windows 3.X can add and delete program modules called DLLs (dynamic link libraries) on 
the fly. Among many functions, DLLs support networks, printers, plotters, and real-time 1/0. Programs can communicate via the clipboard 
or DDE (dynamic data exchange), a defined protocol. Using OLE (object linking and embedding), one Windows program can even 
encapsulate another Windows program. Windows itself manages all the user interfaces. Windows also uses the 386/486 j.P’s hardware 
to manage memory, assigning “handles” to programs that want to use system services. Windows still depends on DOS for file 1/0. 
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WINDOWS AND 
ENGINEERING SOFTWARE 
nisms suit Windows and a 386/486 for engineering soft- 
ware; some do not. 

Fig 1 shows the user interface and applications pro- 
grams to the left. Windows and its allies, the 386/486 
and a few remnants of DOS, occupy the center position. 


On the right is the hardware that interfaces to the 
outside world. 
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The sophisticated graphics of Windows enable this diagrammatic- 
programming system for data acquisition, analysis, and display 
from HEM Data Corp. 


In operation, Windows has an unusual method of 
loading programs called the dynamic link library 
(DLL). The DLL’s properties confer much power on 
programs that take advantage of them. Don’t forget 
that Windows first ran on ordinary, 640-kbyte pro- 
gram-space DOS computers. Windows designers devel- 
oped the DLL concept so that Windows could run sev- 
eral large programs at once in this tiny program space. 
Under this concept, each Windows program, no matter 
how big it is in total, can conditionally have only a tiny 
portion of its executable code actually in memory at a 
time. 

Many people think that Windows swaps data to and 
from disk as needed. Not so. Windows swaps programs 
and portions of programs to and from disk as needed. 
The portion of a program’s code that Windows can 
Swap in and out can be much smaller than the typical 
“overlay” in other systems. Windows can dynamically 
swap out, or “link,” just a program module. Another 
common use for DLLs are device drivers for printers, 
plotters, and networks. 

While most software’s modules are statically linked 
after compilation, Windows can do this linking on the 
fly, at run time, as it loads a DLL into memory. The 
price of this flexibility is, alas, indirect access. Each 
DLL has a table for external calls. All external calls 
within the DLL’s code actually point to a table entry. 
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Windows fills in a DLL’s table as it loads it. So each 
external call from one Windows DLL to another DLL 
involves an indirect call through a table, which adds 
to the access time. The benefit of the DLL facility is 
extreme flexibility in structuring programs and provid- 
ing reusable library facilities. 

DLLs are economical. In statically linked programs, 
each program that uses a given library function has its 
own private copy of that function linked in. Under 
Windows, as many programs as want to can use the 
same copy of a given DLL. 

Windows has three ways that programs can commu- 
nicate with each other. The simplest is the clipboard. 
The clipboard is not the clipboard icon you see in your 
Program Manager window. That icon represents a clip- 
board viewer. Windows does not limit the clipboard 
to “cutting and pasting” material from one program 
into another manually. The clipboard is a defined 
scratchpad that programs can use to exchange data 
as well. When one program writes to the clipboard, 
Windows broadcasts a message that something is now 
on the clipboard. Other Windows programs can re- 
spond to the message and pull the material off the 
clipboard. 

More complex, and not well understood by most pro- 
grammers as of yet, is the powerful dynamic data ex- 
change, DDE (do not confuse DDE with dynamic link 
libraries (DLLs)). DDE exchanges messages between 
multitasked programs using the software equivalent 
of a hardware 3-wire handshake. Hence, IEEE 488 
users would probably find DDE easy to understand 
and implement. But Windows folklore has most pro- 
grammers avoiding DDE like the plague. 

‘The most sophisticated feature of Windows is object 
linking and embedding, OLE. OLE looks superficially 
like “cutting and pasting.” For some time now, Win- 
dows users have been able to “cut,” say, a spreadsheet 
table out of a spreadsheet program’s display window 
and “paste” it into a page of text in their word proces- 
sor’s active window. OLE doesn’t cut and paste an 
inert graphics element; OLE splices one program (ob- 
ject) into another. In the word-processor/spreadsheet 
example, the spreadsheet appearing in the word pro- 
cessor’s window would be the business end of the 
spreadsheet program. The spreadsheet would still be 
live, and the user could still work with it at the same 
time as editing text. 

Not even X-Window has this capability. Right now, 
for the obvious reason that Microsoft programmers 
have had the first exposure to OLE, only programs 
from Microsoft use OLE. But you can expect engineer- 
ing-software vendors will use this powerful mechanism 
to link complementary programs. 

Because a user can be running several programs at 
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B WINDOWS AND 

ENGINEERING SOFTWARE 

once and those programs can all be displaying informa- 
tion in different windows on the screen together, the 
user interface does not connect directly to a given pro- 
gram. Instead, the keyboard, the mouse, joystick, and 
other user-input devices go to Windows. Windows puts 
all these inputs, one after another, into a queue. Win- 
dows knows which window on the screen is active. 
Windows sends messages to the 
active window’s program, notify- 
ing it of user input. Now you see 
just what is meant by a “mes- 
sage-passing system.” Most pro- 
grammers are familiar with the , 
concept of an application pro- : 
gram’s calling an operating sys- 
tem. Under Windows, not only 
can an application program call 
Windows, Windows can make 
calls to the program. 

In response to the user inputs, 
the application program can 
make computations or can request 
system services from Windows. Windows 3.0 has 
well over 500 calls that a program can make (the new 
Windows 3.1 has even more). Many of the calls in- 
volve the standard Windows graphical user interface 
(GUI) facilities: windows, scroll bars, buttons, ete. 
Other calls request various forms of I/O or memory 
management. 


File I/O, a trip down memory lane 


The reason that good old DOS is lurking in the Win- 
dows diagram is that Windows uses DOS for file I/O. 
When one or more multitasking Windows programs 
request file I/O, Windows decides which request will 
get first crack at the disk and then passes the request 
to DOS. To do so, Windows has to switch the 386/486 
wP from protected mode to real mode so that Windows 
ean find DON’s file-I/O routines. This baroque mecha- 
nism is necessarily much slower than a plain DOS file- 
I/O call. Consequently, knowledgeable Windows pro- 
grammers do all their file I/O in large chunks and use 
Windows’ memory management to keep copies of as 
much disk data as possible in memory. (Knowledgeable 
Windows users get a lot of memory and use a good bit 
of it as a disk cache.) 

Windows interposes mechanisms that are similar, 
in principle, for writes to the screen. “Clever” DOS 
programmers can bypass DOS’s operating-system calls 
altogether and simply write their program’s video out- 
put directly into the PC’s video memory. For a multi- 
tasking, multiwindowed operating system, such quick- 
and-dirty methods are not permissible. Thus, Windows 
takes longer than an equivalent DOS program to up- 
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Windows 
programs trying 


to do real-time I/O 


Jom OriComaelireas 


challenges. 





date the screen. However, Windows’ performance is 
comparable to X-Window’s. 

Under multitasking, more than one program can try 
to use a shared resource at the same time. One way 
that Windows handles such contention is to “virtualize” 
that resource. For example, if a multitasking program 
tries to write to the screen while it is not the active 
window, Windows lets the pro- 
gram write to a “virtual window.” 
Similarly, Windows has a Virtual 
DMA Driver (VDMAD) and a 
Virtual Programmable Interrupt 
Controller Driver (VPICD). 
These facilities fool each program 
into thinking it is the only one 
using the PC’s hardware DMA 
controller. Because Windows 
must constantly intercede in 
interrupt handling, deciding 
which program gets to use the 
real hardware and which ones 
use the “virtual” hardware, in- 
terrupt responses can be much longer under Windows 
than under DOS. 

In addition to relatively long interrupt latencies, 
Windows programs trying to do real-time I/O face two 
other tough challenges. First, the IBM PC’s 8237A 
DMA-controller chip is an antique left over from the 
64-kbyte segment days. It has far fewer address lines 
than the 386/486 wPs do. 

Second, don’t forget that, under Windows, a program 
may think it has a contiguous memory space. But actu- 
ally, the 386/486’s sophisticated virtual memory facili- 
ties piece together that seemingly contiguous memory 
space out of isolated memory fragments. The PC’s DMA 
controller lacks this sophisticated facility. This chip 
requires constant attention to keep it writing to the 
proper place in real memory. Thus, doing DMA neces- 
sitates considerable overhead to keep the DMA con- 
troller writing to the proper portion of each program’s 
physical (as opposed to virtual) memory space. In fact, 


the faster PCs can do memory-to-memory transfers 


faster under CPU control than under DMA control. 

Data-acquisition pe-board makers consequently are 
rethinking their entire approach, putting more data 
memory and intelligence on the data-acquisition 
boards. They are also writing their own Windows driv- 
ers (DLLs). 

Windows supposedly relieves program developers of 
supporting printers, plotters, and other I/O devices. 
Well . . . maybe yes and maybe no. Microsoft is famil- 


jar with office printers. But engineering printers and 


plotters are another matter. One pc-board CAD com- 
pany, for example, had to write its own device driver 
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ENGINEERING SOFTWARE 

for the Gerber Photoplot when it debuted its Windows 
version of its pce-board software. Also, Hewlett- 
Packard has reportedly written drivers for many of its 
printers and plotters. 

Like many people, I bought a copy of Windows 3.0, 
tried out the spiffy looking solitaire game that comes 
as a freebie, and never fired Windows up again. My 
familiar DOS programs suited me just fine, and none 
of the Windows software I saw looked worth the 
money. Another EDN editor, who tried determinedly 
to use Windows 3.0, got one too many crashes (the 
dreaded “UAE” message) and began wearing an “I 
hate Windows!” button. 

Since then, though, I have been a beta tester for 
Windows 3.1 and I have talked to engineers, program- 
mers, and marketing people at numerous engineering- 
software companies. Some raved about Windows; some 
slammed it unmercifully. 

The arguments and counter-arguments run some- 
thing like this: 

@ OS/2 is better than Windows in every way. 
But... so what? 

e@ Those engineers who want to multitask programs 
can run as many plain DOS programs as they want 
simultaneously under good old Desqview—includ- 
ing 32-bit programs that run under a DOS exten- 
der. But Windows offers facilities for intertask com- 
munication and control that multitasked DOS pro- 
grams can’t use. 

@ Windows has a nice user interface. But packages 
are available to give-any program the “look and 
feel” of Windows. 

@ Windows graphics are slower than writing directly 
to the video hardware. But throwing about $200 
worth of hardware and software at the problem 
makes it go away (Ref 7). 

@ Windows file I/O is slow. But eventually Microsoft 
will stop dipping into real mode to use DOS for I/O 
and graft protected-mode file I/O onto Windows. 
In the meantime, when memory costs less than $50/ 
Mbyte, and DOS 5.0 comes with a disk cache, life 
is too short to wait for disk access. 

@ DMA is slow and painful under Windows. But the 
data-acquisition folks are making their boards 
smarter and their DLLs faster. 

@ Windows runs only 16-bit programs. But program- 
mers have a variety of workarounds at their dis- 
posal to run 32-bit programs under Windows, and 
when Windows NT comes, it will be a 32-bit operat- 
ing system. 

Me? What do I make of this spaghettied mass of 
arguments? I think that Windows is a good bet to 
actually become ubiquitous, not so much for what it 
is, but for what it will be. 
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Look at DOS. DOS has survived long after any reason- 
able estimate based on its technical merits would have 
predicted. DOS survived not because it was the best 


‘PC operating system, but because it was the PC operat- 


ing system. People in my home town, Newton, MA, take 
the Green Line trolley to downtown Boston not be- 
cause it is the best trolley, but because it is the trolley. 

Soon Microsoft will perform a hood-ornament over- 
haul on Windows. In case you are not familiar with 
the term, a hood-ornament overhaul occurs when you 
have a car that is in such tough shape that the only 
way to fix it is to jack up the hood ornament, drive a 
new car underneath, and let the hood ornament back 
down. Windows NT is a hood-ornament fix for all that 
ails Window 3.X. And Windows NT will run Windows 
3.X programs. 

So, even though I use Desqview to launch and multi- 
task all my comfortable old DOS programs, I think 
whatever Windows strengths and weaknesses are, or 
will be, Windows will become the operating system. Get] 
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Here's how fo turn a relay 
with 2 changeover contacts into one with 4. 


The MT4, our new relay with 4 changeover con- 
tacts, hardly occupies more board space than the 
MT2, our relay with 2 changeover contacts. 

So if you need 6 twin changeover contacts on 
your board, simply install an MT2 and an MT4. 
Two relays of virtually identical size. 

And the expensive space you formerly needed 
for a third MT2 is now free for other important func- 
tions. 

Plus: less testing, less component cost, less assem- 
bly effort, greater reliability. 

What more can you want? 

(The new MT4: Power consumption at 20°C 300 mW. 
Temperature range -55°C to 85°C. Space occu- 


pied per contact 12 M?.) 


I'm interested in the new M174 relay. Please send me 
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When the 
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Starts. 


Process Engineers 





Every company experiences finger pointing when a design doesn’t work. 


Your circuit designers claim the models are not accurate. The model developers 
claim the process shifted since the time they began work on the models. The 
process engineers claim the model developers aren't tracking the process. 


Meta eliminates finger pointing and helps you get it 
right first ttme™. Meta-Labs modeling services, combined 
with the HSPICE circuit simulator, provide the crucial link 

between your fab and circuit designers. The Meta- 
Software methodology helps your design, process and 
modeling groups work together as one team. 


Get back in the chips with Meta-Software. For a 
right first time information package, call toll free 
(800) 442-3200, ext. A2. 
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right first time™ 
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Improve reliability by 
rigving pc boards for 


in-circuit programming 





Barry M Clark, Stag Microsystems Inc 


In-circuit programming eliminates many 

of the hazards associated with plugging mem- 
ory devices in and out of sockets. By using 
some practical guidelines, you can rig a pc 
board’s layout to meet commercial in-circuit- 
programmer specifications. 


More and more, reliability demands that EPROMs and 
EEPROMs be permanently soldered onto printed- 
circuit boards. Such demanding applications include vi- 
bration-proof construction for avionics, military, and 
aerospace projects. In addition, surface-mount memory 
devices are proliferating in many new commercial ap- 
plications. The ability to program memory devices 
without removing them from the pc board not only 
simplifies updating software in the field but can also 
eliminate the inventory cost of storing multiple pro- 
grammed and labeled devices. Besides memory devices, 
microcontrollers having on-chip PROMs as well as some 
PLDs can also benefit from in-circuit programming. 
Because in-circuit programming applications are di- 
verse, you have several design options for program- 
ming an in-circuit device. For example, you can cus- 
tom-design a programmer for a specific task, but this 
approach is usually costly and can be inflexible for 
simple changes. You can also design an adapter for 
using a commercial device programmer. However, de- 
vice programmers generally don’t supply enough 


power to support a populated pe board, and the drive 
currents for the address, data, and control lines are 
often inadequate. The most economical and popular 
approach is to use a commercially available general- 
purpose in-circuit programmer. 

Using a general-purpose in-circuit programmer mini- 
mizes NRE costs in two ways. First, you have to de- 
sion only basic custom hardware that adapts your pc 
board to a standard programmer interface (Fig 1). 
Second, generating an appropriate programming algo- 
rithm is straightforward. For most commercial in- 
circuit programmers, you generate a descriptive text 
file for the pe board’s configuration and device types. 
The in-circuit programmer uses this text file to compile 
an algorithm that programs devices for the entire 
board. These commercial in-circuit programmers are 
complete systems containing a CPU, RAM and ROM, 
mass-storage devices, operator and external-equip- 
ment interfaces, power supplies capable of supporting 
a pe board, and electronics capable of generating the 
appropriate programming waveform. 

Electrical features will determine which in-circuit 
programmer suits your application. The programmer’s 
power supply should be adequate to power your pc 
board under worst-case programming conditions. The 
programmer should also have redundant power-supply 
lines to keep other sections of the pe board active while 
it is programming devices. The programmer should 
be able to transfer data to and from a host computer 
and verify programmed data to ensure integrity 
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IN-CIRCUIT PROGRAMMING 


In addition, drivers for gang-programming multiple 
boards should be well isolated from each other to en- 
sure that the failure of one board doesn’t affect the 
programming of another. If you’re programming a 
large set of EPROMs, you'll want a programmer hav- 
ing sufficient RAM. And in field-programming applica- 
tions, the programmer must be able to operate as a 
stand-alone unit. 

When adapting a board design for a general-purpose 
in-circuit programmer, you can avoid potential pitfalls 
by adhering to some practical guidelines. To illustrate 
these guidelines, consider the example of in-circuit pro- 
gramming multiple EPROMs on a pe board that also 
has other logic devices and a pP. First of all, you 
should use EPROMs fabricated in one of the MOS 
technologies—NMOS, HMOS (high-performance 
MOS), or CMOS. The programming characteristics of 
MOS EPROMs are close to the devices’ operating char- 
acteristics. Therefore, MOS EPROMs are easier to pro- 
gram on a pe board than are bipolar devices, which 
have programming characteristics vastly different from 
their operating characteristics. 

You shouldn’t randomly mix EPROMs from different 
vendors on the same board, and when gang-program- 
ming multiple pe boards, the EPROMs on all the 
boards should be from the same manufacturer. Al- 
though the operational specifications of second-source 
EPROMs are similar to those of the original device, 
their programming specifications are often quite differ- 
ent. The differences typically extend to distinctive volt- 
ages and timing specifications for the programming 
pulse. Therefore, the in-circuit programmer would 
have to compile different programming algorithms to 
accommodate second-source devices. 

To externally program a pc board, you must route 
the address and data buses and control lines of all the 
EPROMs to a board connector that is compatible with 
the programmer’s interface connector. In many cases, 
these lines are already available at the board’s target- 
system connector. If the system connector isn’t com- 
patible with the programmer, you must add a suitable 
connector. 


An ID can eliminate Nader raiders 


In some applications, you may want to provide 
boards with an [ID that the programmer can read. IDs 
are useful when you have several different boards or 
different versions of the same board. The programmer 
checks the board’s unique ID prior to programming 
to ensure that you’ve installed the right board. You 
can implement the ID using board jumpers, switches, 
or logic. 

Alternatively, you could take advantage of the manu- 
facturer’s identification codes built into many EPROMs. 
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Fig 1—A custom assembly can adapt a pc board’s system connector 
to a commercial in-circuit programmer. This programmer can gang- 
program multiple boards. 


These codes identify the manufacturer and device type, 
which lets the programmer automatically choose the 
proper programming algorithm. Because the program- 
mer must apply 12V to address line AY to read an 
EPROWM’s identifier, you must isolate any other pc- 
board circuitry that connects to this address line. 

The in-circuit programmer must take full control of 
the pe board to program the EPROMs. Ideally, the 
programmer should have direct access to all bus and 
control lines to minimize timing errors, shape the pro- 
gramming pulse, and account for transmission-line ef- 
fects. In practice, however, access to an EPROM is 
usually through a cascade of logic circuits, and many 
EPROMs often share the same bus and control lines. 

To program a target EPROM, the programmer must 
place an address on the EPROM’s address bus via 
buffers resident on the board and be able to transfer 
data to and from the EPROM’s data bus. Thus, the 
pe board must have bidirectional transceivers in the 
data path between the EPROM and the interface con- 
nector even though data flows unidirectionally to 
achieve the final objective. In addition, the transceiv- 
ers’ direction and enable control lines must be accessi- 
ble to the interface connector. Other active devices 
attached to the target EPROM’s data bus should have 
separate 3-state buffers. The programmer places the 
buffer outputs in a high-impedance state while pro- 
gramming and verifying data in the target EPROM 
(Fig 2a). 

You can often put a pP’s data bus in a high- 
impedance state by activating the wP’s output-enable, 
reset, or halt control lines. If the wP’s data bus attaches 
to the EPROM’s data bus, then one of these control 





lines should be accessible to the interface connector for 
program control (Fig 2b). In some instances, the pe 
board may have a system bus comprising multiplexed 
address and data lines. In such instances, the control 
lines for the board’s address latch should extend to the 
interface connector for program control. 

To reduce the time needed to program multiple 
EPROMs, intelligent programming algorithms raise 
the EPROMs’ Vcc supply voltage to 6V or higher. 
Although TTL logic can withstand a Vc, voltage as 
high as 7V, the increased power dissipation can unduly 
stress these devices. To avoid this stress, provide dual 


Voc supply lines to the interface connector. The dual 
lines let the programmer supply power to the board 
using isolated power supplies—one for the EPROMs 
and one for rest of the board’s circuitry. You can con- 
nect the dual V,., lines off the board at the application’s 
mating-system connector. 

An EPROM’s Vjpp line also requires special consid- 
eration when you plan to program the device in circuit. 
Boards not designed for in-circuit programming have 
their EPROMsS’ Vcc and Vpp pins connected so devices 
can read the data. To program an EPROM in circuit, 
the board layout must isolate these two pins to let the 
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Fig 2—The in-circuit program- 
mer must have control of all 
devices that share an EPROM’s 
address and data bus. You can 
isolate a peripheral device such 
as a pP by using 3-state buff- 
ers (a) or by forcing on-chip 
3-state drivers into a high- 
impedance state (b). 
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programmer raise the V,, line to a voltage greater 
than V,,, which is typically 5V (Fig 3). Typical V) 
voltages are 12.5, 21, or 25V depending on the pro- 
eramming algorithm. Therefore, the board layout must 
route the V>p line to a separate pin on the interface 
connector. You can connect the V,,» line to the V,.. line 
off the board at the application’s mating-system connector. 

The decoupling arrangement for the pe board’s V,.. 
and V>p, lines is critical. You should follow the EPROM 
manufacturer’s decoupling recommendation, which 
usually dictates the placement of a 0.1-wF capacitor 


between the V,,. pin and ground close to each EPROM. 


In addition, you should employ a large capacitor to 
decouple the V,,. line near the interface connector. A 
good rule-of-thumb is to install a 47-~F capacitor for 
every eight EPROMs. Similarly, to decouple the V,, 
line, you should place a 0.1-uwF capacitor between the 
V»p pin and ground close to each EPROM. You should 
also decouple the V,» line close to the interface connec- 
tor using a 10-wF capacitor. 

Because most EPROM manufacturers specify a tol- 
erance between 0.5 and 1V for V;,, board decoupling 
is crucial to successful in-circuit programming. Current 
flows in the Vp line only when the programmer gener- 
ates a programming pulse. Otherwise, the V), line 
current is negligible. Because the board’s traces act 
as inductors, inadequately decoupling the V,, line can 
result in induced voltages caused by current transients 
that exceed the specified V;, tolerance. The trace 
widths for the V,,. and V»pp lines should be wide enough 
to accommodate the worst-case currents anticipated 
during the programming cycle rather than the typical 
currents expected during normal operation. 

Some EPROMs, such as the 2764, 27128, and 27010, 
have individual PGM (program) pins, which you can 
tie to a common trace that extends to the interface 
connector. The OE (output enable) pins of these 
EPROMs can be interconnected in a similar fashion. 
However, the pe board should have an address decoder 
to drive the EPROMs’ individual CE (chip enable) pins. 
The address decoder’s control lines should run to the 
interface connector for program control. Alternatively, 
you could route the individual CE lines to the interface 
connector for program control. 

Other EPROMs, such as the 2716 and 27256, have 
a common CE/PGM pin. An on-board address decoder 
should drive the individual CE/PGM lines on each such 
EPROM. The decoder’s control lines should run to the 
interface connector for program control. Alternatively, 
you can route the individual CE/PGM lines to the inter- 
face connector for program control. Interconnecting 
groups of OE pins and routing the board trace to the 
interface connector gives the programmer control over 
groups of EPROMs. 
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Fig 3—Because programming most EPROMs requires 12.5, 21, or 
25V on the V,, line, a board’s layout must isolate the V,, line 
from the V,, line. You can connect the separate V,, and V,, lines 
on the mating-system connector off the board. 


Another type of EPROM, such as the 2782 and 
27512, has a common OE/V,, pin. Boards using this 
style of EPROM should have a layout that intercon- 
nects all the OE/V,, lines and routes the trace to the 
interface connector for programmer control (Fig 4). 
A similar interconnection scheme is appropriate for the 
EPROMs’ PGM pins. However, you should employ 
an address decoder to drive the individual CE lines 
of each EPROM. The decoder’s control lines should 
route to the interface connector for programmer control. 

The primary objective in adapting a pe board to an 
in-circuit programmer is to ensure that the EPROMs 
are the only active devices on the address and data 
buses during the programming cycle. If the data bus 
is wider than eight bits and requires parallel EPROMs 
to store a data word, you can tie the EPROMs’ respec- 
tive CE, OE, and PGM lines together and route the 
three separate traces to the interface connector. The 
programmer will treat the parallel KPROMs as a single 
device, which can significantly speed the programming 
cycle. However, if the EPROMs are different types, 
they probably require different programming algo- 
rithms and, therefore, cannot take advantage of paral- 
lel programming. 

Many of the guidelines for in-circuit programming 
EPROMs also apply to EEPROMs. Just as with 
EPROM programming, you should interconnect all the 
EEPROMs’ respective address lines and route them 
to the interface connector via buffers. Similarly, you 
should interconnect the EKPROMs’ data-bus lines and 
route them to the interface connector via 3-state trans- 
ceivers. In addition, all of the EEPROMs’ V,,. pins 
should be interconnected and routed to a pin on the 
interface connector. This pin lets the programmer sup- 





ply power to the EEPROMs via a supply that is iso- 
lated from the rest of the board. When the data bus 
is wider than eight bits, you can tie the respective 
CE, OE, and WE (write enable) lines of parallel 
EEPROMs together to program them as a single device. 
The layout differences between EPROM boards and 
EEPROM boards are due to the electrical-erasure 
characteristics of the KEPROMs. EEPROMs fall into 
two categories: those that require a high-voltage era- 
sure-and-programming pulse and those that use low 
voltage (5V) for erasure and programming. The layout 
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of a pe board rigged for programming EKEEPROMs in 
circuit must reflect these differences. When using low- 
voltage-erasure EEPROMs, you can interconnect their 
OE and WE lines and route them to the interface 
connector for programmer control. However, the CE 
lines should be driven independently—either by an on- 
board address decoder or directly by the programmer. 

High-voltage-erasure EEPROMs require more at- 
tention. Activating the CE pin disables many of these 
EEPROMs. Tying all of the V;, pins to a common trace 
that extends to the interface connector lets the pro- 


Fig 4—To modify a board con- 
taining 27512 EPROMs from a 
device-programming layout (a) 
to an in-circuit programming 
layout (b), you must make sure 
the programmer has control of 
the OE and PGM lines. 
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IN-CIRCUIT PROGRAMMING 


grammer or an onboard address decoder control the 
CE lines independent of each other. For devices whose 
erasure requires a high-voltage pulse on the CE pin, 
the board layout must route the individual CE lines 
to the interface connector for programmer control. 


Don’t over-program flash EEPROMs 


_ Another candidate for in-circuit programming is the 

increasingly popular flash EEPROM. Flash EEPROMs 
require a high voltage on the Vpp pin during program- 
ming and an exclusive erasure cycle. The board layout 
for the address and data bus as well as the V,, and 
Vpp lines can follow the same guidelines as standard 
EPROMs. 

You can lay out the OK, WE, and CE lines for a 
flash-EEPROM board using the same procedures de- 
scribed for low-voltage-erasure EEPROMs. However, 
programming parallel flash EEPROMs is a bad idea. 
Because programmers can over-erase or Over-program 
flash EEPROMs, the programmer should have control 
of the erasure and programming time duration. To 
implement this control, the layout should route each 
CE line and RDY/Busy line to the interface connector 
for programmer control. 

E-PLDs (electrically programmable logic devices) and 
microcontrollers containing an on-chip EPROM are two 
more devices you can program on a pe board. In gen- 
eral, the board layout for in-circuit programming these 
devices follows the same guidelines as the layout for 
an EPROM board. Microcontrollers such as the 8748 
require high-voltage programming pulses. You should 
isolate the pins of such wCs from the rest of the circuit 
and route them to the interface connector. Because 
EPLDs’ architectures differ radically from EPROM ar- 
chitectures, the layout of an EPLD board should route 
the individual input and output lines of all the EPLDs 
to the interface connector. Because these devices can 
potentially consume several connector pins, you might 
consider using EPLDs that can be programmed in a 
serial bit-by-bit manner. 

Of course, this discussion assumes that your pc board 
is in the design stages. Retrofitting an existing pc 
board for in-circuit programming must follow the same 
guidelines, but these practices often aren’t feasible. 
To accommodate retrofit designs, EPROM manufactur- 
ers are developing programming algorithms that main- 
tain a constant 5V on the V,< line, which removes the 
constraint of isolating the Vcc line from the rest of the 
board. Although these algorithms can ease some of the 
layout constraints in a retrofit design, the program- 
ming time will be longer than if you had used standard 
algorithms. 

In any case, you should follow the recommendations 
' found in the programmable-device manufacturer’s data 
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book. In addition, in-circuit-programmer vendors can 
offer information on board constraints, such as board 
profiles, mechanical requirements for the interface con- 
nector, and supporting slide guides or locks. By paying 
attention to some practical design and layout rules, 
EDN 


in-circuit programming can be trouble free. 
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AUDIO PRO II 
Model SX-15 


Introducing...second generation CD quality, stereo 
hi-fidelity digital audio record/ playback for PC-AT 
386/486 or compatible. Now with DVI/CDI/CD-ROM 
XA audio compression up to 44.1 kHz. 

Featuring. ..real time direct-to-disk data transfer... 
18 bit resolution. ..64x oversampling. ..22kHz audio 
response...0.005% THD...6.25 to 50 kHz program- 
mable sample rate...92dB dynamic range...90db s/n 
... plus 4:1 ADPCM compression. 

For broadcast quality recording, editing and trans- 
mission in high-end entertainment systems, A/V 
presentations and interactive CDI/DVI applications. 
Phone 1 (800) 338-4231 for details on the 2nd genera- 
tion AUDIO PRO Model SX-15. 
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46100 S. Fiqueroa St Gardena, CA 90248 (USA) Tel (310) 532-3092 © FAX (310) 532-8509 
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Are you buying a Logic Analyzer for RISC or 
high-speed CISC* Development? Compare... 


Features 


100 channels, 100 MHz sync 
Dynamic cache control 


Data cycles fully labeled in disassembly 


Maximum trace depth 
Maximum synchronous rate 
Maximum asynchronous rate 
Split timebase on a single card 
Setup+Hold time 

Price performance value 


Introducing Paladin — 
American Arium’s new single card 
capture system for the ML4400 
Logic Analyzer featuring 100 and 
200 MHz synchronous and / GHz 
asynchronous data capture. With 
100 channels of 100 MHz syn- 
chronous capability per capture 
card, plus the powerful features of the 
ML4400, Paladin delivers the maximum capability 
available today for state and timing measurements on 
high-performance UP-based designs. 


Fully Labeled Disassembly 
The ML4400 boasts fully automatic synchronizing 
disassemblers for all major families of UPs, including 
RISC, CISC, DSP and GSP. These are the only 
disassemblers available that completely identify and 
label all data cycles including task switches, excep- 
tion processing, page translation and other complex 
CISC instructions. 
*Such as 80486 or beyond, or 68040 or beyond. 
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Dynamic Cache Control 

The ML4400 provides dynamic 
control of cache fill on many 
processors, allowing complete 
disassembly of some program 
segments while the majority of 
the program runs fully cached. 


Total Versatility 

Paladin cards may be paralleled to form 
analyzers with up to 200 channels per 
timebase. You can configure the ML4400 to fit your 
needs, with the flexibility of 5 different types of 
capture cards. 


Compare First 

Paladin delivers the speed and power you’d expect 
from the leader in Logic Analyzer technology. And 
you can save thousands of « 

dollars. For a demo, call E american 
(714 ) 731-1661. arium 


Formerly American Automation and Arium Corporation 
14281 Chambers Road, Tustin, California 92680 
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Video Circuits Collection — Design Note 57 


William H. Gross 


Introduction 


This note shows how to make several different video 
circuits using high speed op amps. All of these circuits 
work with composite, RGB and monochrome video. For 
best results, bypass the power supply pins of these 
amplifiers with 1uF to 10uF tantalum capacitors in 
parallel with 0.01uF disc capacitors. It is important to 
terminate both ends of video cables to preserve fre- 
quency response. When properly terminated, the cable 
looks like a resistive load of 150Q. 


Lots of Inputs Video MUX Cable Driver (LT1227) 
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Multiplex Amplifiers 


Often it is desirable to select one of several signals to 
send down a cable. Connecting the outputs of several 
amplifiers together and using the amplifier's shutdown 
pin to disable all but one accomplishes this goal. The 
LT1190,LT1191, LT1192, and LT1193 are shutdown by 
pulling pin 5 to the negative supply. 


The LT1223 and LT1227 current feedback amplifiers are 
shutdown by pulling pin 8 to ground. During normal 
operation pin 8 is open and at the positive supply 
potential. An easy way to interface pin 8 to logic is with 
a logic level N-Channel FET or a 740906 (open drain hex 
buffer). 


Two Input Video MUX Cable Driver (LT1190) 
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Differential Gain and Phase of Several Amplifiers 






DIFFERENTIAL 


LOAD = 1kQ LOAD = 1500 












PART NO. 













LT1190* 

LT1191* 
Litig2** 0.15 
LT1193* 0.08 
LT1194** 0.08 
LT1223 0.26 
LT1227 0.01 
LT1228 0.10 


LT1229 





Vg = +15V, Ay = 2 
* Vo = +8V, Ay = 2 
Ve = +8V, Ay = 10 


Loop Through Cable Receivers 


Most video instruments require high impedance differ- 
ential input amplifiers that will not load the cable even 
when the power is off. 


Differential Input Video Loop Through Amplifier Using a 
Video Difference Amplifier (LT1194) 
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Electronically Controlled Gain, Video Loop Through 
Amplifier (LT1228) 
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DC Restore Circuits 


The following circuit restores the black level of a mono- 
chrome composite video signal to OV at the beginning of 
every horizontal line. This circuit is also used with CCD 
scanners to set the black level. 





Linear Technology Corporation 
1630 McCarthy Bivd., Milpitas, CA 95035-7487 
(408) 432-1900 © FAX: (408) 434-0507 © TELEX: 499-3977 


Video DC Restore (Clamp) Circuit (LT1228) 
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Fader Circuits 


Using two LT1228 transconductance amplifiers in front 
of a current feedback amplifier forms a video fader. The 
ratio of the set currents into pin 5 determines the ratio 
of the inputs at the output. 


Video Fader (LT1228, LT1223) 


Vout 


Ving 
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For literature on our High Speed Amplifiers, 
call (800) 637-5545. For applications help, 
call (408) 432-1900, Ext. 456 









BA/GP 0292 190K 


LY be 


© LINEAR TECHNOLOGY CORPORATION 1992 

















EDN-DESIGN IDEAS 


EDITED BY CHARLES H SMALL & ANNE WATSON SWAGER 


Transducers form proximity detector 


Jay Scolio, Maxim Integrated Products, Sunnyvale, CA 


Combining micropower op amps with a pair of matched 
piezoceramic transducers (one optimized for 40-kHz 
transmission and the other for 40-kHz reception) yields 
an ultrasonic proximity detector that operates on a 
9V battery (Fig 1). The detector employs the radar 
principle—nearby people or objects reflect the trans- 
mitter’s steady tone back to the receiver. 

The transmitting transducer (Fig la) is a resonant 
circuit that may draw spikes of current from its signal 
source, which, in this case, is the low-power CMOS 
timer, IC,. To prevent damage from these undesirable 
spikes, a push-pull driver composed of Q, and Q, buffers 
the timer. You should adjust the potentiometer, R,, 
for a transmit frequency of 40 kHz. 

The receiver in Fig 1b must offer high gain at ultra- 
sonic frequencies while operating from the same 9V 
battery as the transmitter. Op amps IC, and IC, pro- 
vide the necessary bandwidth and supply current (7 
MHz min at unity gain and 375 pA max). Op amp IC,, 
offering a rail-to-rail output swing and extremely low 
quiescent current (1.2 ~A when low, 30 pA when high), 


ULTRASONIC 
TRANSDUCER 
(PANASONIC 
EFR-OSB40kK2) 


(a) 


ULTRASONIC 
TRANSDUCER 
(PANASONIC 
EFR-RSB40k2) 


(b) 


is also well suited to its role as the output-signal com- 
parator. Supply current for the complete circuit is 
slightly more than 2 mA. (Note: You can halve this 
consumption by replacing the transistors with a CMOS 
inverter. ) 

The receiver is stable using the component values 
shown. If you change the gain, however, note that you 
must also adjust the pole-zero locations associated with 
op amps IC, and IC, to maintain stability. In a store- 
display application, the proximity detector triggers a 
prerecorded video message on the arrival of an inter- 
ested customer. A pause to look signifies interest; the 
detector shouldn’t respond to someone just walking 
by. Therefore, R, and C, filter the transducer signal 
after D, rectifies it. The filter also prevents false trig- 
gering as a response to brief bursts of ambient noise 
in the ultrasonic range. EDN BBS /DI_SIG #1115 
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Fig 1—Comprising an independent transmitter (a) and receiver (b), this battery-powered, ultrasonic proximity detector features two 


40-kHz piezoceramic transducers. 
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Solid-state relay prevents turn-on anomalies 


R Mark Stitt, Burr-Brown Corp, Tucson, AZ 


ICs operate properly only above a specified minimum 
power-supply voltage. When power-supply voltages 
drop below this level, operation is unpredictable. Since 
most analog ICs use dual power supplies, power-supply 
sequencing variations, which occur when one power 
supply comes up or goes down before the other, can 
also cause problems. Momentary lock up or oscillation 
during power-up or power-down is common. In many 
instances, these anomalies are inconsequential and go 
unnoticed, but sometimes these unexpected operating 
states can be devastating. For example, audio amplifi- 
ers that lock up or oscillate during power-up or power- 
down can damage speakers. 

Fig 1’s simple control circuit eliminates turn-on prob- 
lems with analog ICs. The circuit uses a few garden- 
variety transistors and resistors along with an inexpen- 
sive solid-state relay to disconnect the output of an 
analog IC unless both its positive and negative power 
supplies are above a specified voltage. Fig 1 demon- 
strates the control circuit enabling the output of a mi- 
crophone amplifier. 

A single 1-kQ potentiometer performs the gain con- 
trol and connects in a balanced configuration with two 
3.010 resistors to provide a gain-control range of 7 to 
1000. Because the INA103 is a current-feedback op amp, 
gain can be changed over this wide range without dras- 
tically degrading the amplifier’s dynamic performance. 

An inexpensive solid-state relay (less than $1) is ideal 
for the output-switching task. The relay must not de- 
grade distortion of the circuit. The performance of the 
circuit in Fig 1 with the relay is virtually indistinguish- 
able from its performance without the relay—less than 
0.002% total harmonic distortion+noise from 10 Hz 
to 20 kHz at a gain of 100. In Fig 1’s application, the 
relay must operate properly from +24V down to OV. 
Using discrete transistors ensures proper operation 
over this wide range. Conventional logic circuits and 
ICs aren’t specified for +24 operation and certainly 
not for 0V operation. 

Q, and Q, control the solid-state relay through the 
current-limiting resistor, R;. The relay can only turn 
on when both Q, and Q, are on. Otherwise, R, shunts 
away leakage current to keep the relay off. The posi- 
tive power supply turns on Q, through resistor divider 
R, and R,. The negative power supply turns on Q, 
through resistor divider R, and R;. Q, turns on when 
its base-to-emitter voltage (the voltage across R,) is 
about 0.65V. 
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Fig 1—A $1 solid-state relay disconnects the op amp’s output if 
the supply voltages are below a defined threshold, thereby prevent- 
ing anomalies at the op amp’s output. 


The power-supply turn-on threshold equals 
0.65(R, + R.)/R;. 


With Fig 1’s values of R, and R., Q, turns on when 
V* is approximately equal to 12V. Similarly, Q, turns 
on when V is approximately —12V. 

When both Q, and Q, are on, the sum of the power- 
supply voltages appears across R,, turning on the solid- 
state relay. The voltage across R, also turns on transis- 
tors Q, and Q,, forcing a positive feedback current 
through R,, R;, and R,. This current creates hysteresis 
so that the solid-state relay “snaps” on and off, avoiding 
any possibility of turn-on oscillation even if the power 
supplies ramp up or down slowly. With the values 
shown, the amount of hysteresis is approximately 4V, 
and turn-off is approximately equal to +(12V—4V) 
or +8V. EDN BBS /DI_SIG #1112 EDN 
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dc to 2000 MHz 
amplifier series 





SPECIFICATIONS Unbelievable, until now...tiny monolithic wide- 
MODEL FREQ 00 AN 8 _, °MAX. “NE PRICE $ band amplifiers for as low as 99 cents. These rugged 
‘ Mite MHz” MEE rome ae ea ae 0.085 in.diam.,plastic-packaged units are 500hm* 
MAR-1 ODC-1000 185 155 — 130 0 50 099 (100) input/output impedance, unconditionally stable 
MAR-2" °0C-2000. 19 125.41. + 6B 49 65.1352 208) * 
MAR-3 DC-2000 13 125 105 80 +80 60 1.45 (25) ‘ ie | hee load le sae area " odels 
MAR-4. DC-1000 & 82° 80 6 7% S411 7.0» TB es) IN INE MAR-Senes Ofer up tO gain, U lO 
MARS BC-2000 2 0 28 ee +11dBm output, noise figure as low as 2.8dB, 
: 88 TGS Be ea 2) ee and up to DC-2000MHz bandwidth. 
ee ee Oe ae es 110 39. 110 oe *MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 
NOTE: Minimum gain at highest frequency point and over full temperature range. Stable for source /load impedance VSWR less than 3:1 
® 1dB Gain Compression ; ‘ aes A ; 
O +4dBm 1 to. 2 GHz Also, for your design convenience, Mini-Circuits 
4 fe ; 4 offers chip coupling capacitors at 12 cents each7t 
designers amplifier kit, DAK 2 oie Tolerance Bison: Value 
mils aracteristic 
o of each model, total 35 amplifiers at 5% NPO 10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf 
Vec2 7¥ only ¢ 59 95 120 x 60 10% X7R° 022, 047, 068, .1,f 


Minimum Order 50 per Value 
¢ Designers Kit, kcap-1, 50 pieces of each capacitor value, only $99.95 






color dot finding new ways... 


eed setting higher standards 


° 7 Mini-Circuits 


A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 C113-Rev. D 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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Dual-port RAM connects microprocessors 


Adrian B Cosoroaba, Fujitsu Microelectronics Inc, San Jose, CA 


The dual-port RAMs in Fig 1 connect a 32-bit 80486 
to a 16-bit 68000. The RAMs mediate the difference 
in bus width as well as the reversed byte order of the 
two processors. The circuit uses four dual-port RAMs 
with one configured as a master device. The 80486 
interfaces directly to the RAMs; the 68000 requires a 
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74LS139 decoder to select the proper memory devices. 
If both wPs try to write to the same location simultane- 
ously, the RAMs’ BUSY R lines signal the 80486 to 
wait. EDN BBS /DI_SIG #1079 EDN) 
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Fig 1—A bank of dual-port RAMs mediates the difference in bus width as well as the reversed byte order of the two interconnected j1Ps. 
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WHEN ITCOMES TO SURFACE 
MOUNT CRYSTAL UNITS, 
ONLY RALTRON HAS IT ALL. 


RALTRON manufactures one of the industry’s 
most complete lines of high quality crystal units. 
Call us for all your crystal needs from micro- 
processor to AT strip to tuning fork to high 
accuracy. Or call us for our 28 page catalogue. 


NEW! SURFACE MOUNT CRYSTAL UNIT- 

2.5 MM HEIGHT — T25 SMD 

e Frequency Range: 3.5 MHz-50 MHz 

e Oscillation Mode: Fundamental to 3rd O.T. 
e Frequency Tolerance: + 50 ppm @ 25°C 







NEW! SURFACE MOUNT CRYSTAL UNIT- 
3.0 MM HEIGHT— HC-49 SHORT SMD 
e Frequency Range: 8 MHz-50 MHz 
¢ Oscillation Mode: Fundamental to 3rd O.T. 
e Frequency Tolerance: + 50 ppm @ 25°C 
e Frequency Stability: + 100 ppm max 
(-10°C to + 60°C) 


¢ Crystals ¢ Crystal Oscillators ¢ Crystal Filters ¢ Ceramic Resonators 


RALT RO In O1) ELECTRONICS CORP. 


2315 NW 107th Avenue, Miami, Florida 33172 U.S.A. 
FAX (305) 594-3973 TELEX 441588 RALSEN 
(305) 593-6033 





CIRCLE NO. 105 


LOOKING FOR A 
QUALITY BOARDHOUSE? 


ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 


PCB MANUFACTURING 
¢ 2 Day turn on multi-layers 
¢ Prototype and production 
¢ Gerber Data Review 
¢ Database/Netlist test 


PCB LAYOUTS TECHNICAL ASSISTANCE 

¢ Backplanes ¢ PCB layout tips 

¢ Impedance control ¢ Mfg cost cutting tips 

* Analog and ECL ¢ Artwork standards 

¢ SMT both sides ¢ Gerber Data via modem, 
24 hours (714) 970-5015 


CALL FOR A QUOTE! 


A MANUFACTURING, LAYOUT AND SUPPORT CENTER 


\\U > | MURRIETTA 
A CIRCUITS 


4761 E. HUNTER AVE. ANAHEIM, CA. 92807 
TEL: (714) 970-2430 FAX: (714) 970-2406 





CIRCLE NO. 106 


e Frequency Stability: + 50 pom ( -10°C to + 60°C) 











WE FIND THAT 


UALITY 15 THE 
BEST DEFENSE 


Defense is the most critical 
environment for electronic 
components, posing unique 
problems and demanding unfailing 
high performance. 

With a tradition dating back fifty 
years, Oxley Developments have 
become the cutting edge of 
technology in this stringent 
environment. Founded in the heat 
of the Second World War, we boast 
a proud history in the development 
and supply of high performance 
defense components. 

Today’s panel mounting 
indicator lamps and assemblies 
continue that tradition of quality. 
Solid state LEDs provide ultimate 
reliability, with the options of 
sunlight viewability, 
electromagnetic and night vision 
goggle compatibility. IR-free secure 
lamps are also available for covert 
applications. All lamps feature a 
rugged metal and glass construction 
offering full environmental 
performance. 

Naturally, this extensive range of 
indicator lamps is qualified to MIL 
and DESC standards. The range 
being manufactured and quality 
assured within our ISO 9001, CECC 
and NATO-AQAP~1 (MIL-Q-9858A) 
approved system. 

Today’s quality is forged from a 
history of excellence: a tradition of 
expertise to help you build a 
confident future. 











OXLEY INC 
25 Business Park Drive, PO Box 814, Branford CT 06405 
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The Philips PM 3580 Logic 
Analyzer 








Time. 
Imagine how much you could 
save by ‘being in two places at once. 
introducing the Philips PM 3580 
Family logic analyzers. A new concept 
in logic analysis that gives you both 
state and timing data - ina single 
acquisition. No more dual probing. No 
more repeat measuring. Their exclusive, 
dual-analysis- per- pin architecture 
enables you to solve your digital pro- 
blems - fast. 

By truly integrating state and 
timing analysis, the learning curve of 
a PM 3980 Family logic analyzer 's 
also quicker. No more wading through 
lengthy manuals. Pop-Up menus and 


keystrokes guide you quickly through 
data analysis. The basic 


set-up and da 
operation Is SO simplified that it can 


be learned in 30 minutes. 
But down to business. The bud. 
By using the power of eight trigger 
levels, containing a mixture of state 
and timing trigger events, the PM 
3580 Family can zoom-in on the most 
elusive bug. The basic performance of 
the PM 3580 Family ranges from 32 to 
96 channels. Each with 50 MHz state 
and up to 200 MHz timing. Each with 
ok of memory per ¢ 


glitch capture. Mor 
use on 8 tO 39-bit processors. 





hannel. Plus 3 ns 
e than enough for 


































The PM 3580 Family logic analyzers. 
Simple. Precise. Timesaving. 
Everything you need to get started 


sooner and finish earlier. 


The fast solution 


for debugging the 
latest technology 


el ee 
The Philips PF 8660/30 
Boundary-Scan 

product life-cycle. 


Small is beautiful. 


Until your PCB develops a bug. 


Then it could take hours, days 
even weeks t 


9 find. With the 









PF 8660/30 Boundary-ocan test tool 
for the PM 3580 Family logic 
analyzer, you cal locate all process 
faults in seconds. Getting your 
prototype boards up and running 
faster. Minimising set-up time for 
volume production testing. And 
slashing turn-around time for board 
repair and service. 

We know, because we've been 
there ourselves. Which is why we 
helped to pioneer the JTAG/IEEE Std 
4149.1 test access ports for boundary- 
scan testing. Connect your Philips 
boundary - scan up to the 5-pin test 
access port and you caf detect a 
wide range of process faults - shorts, 

opens, missing components and so 


on. 



























And if the boundary-scan test 

hardware OF software itself needs 
debugging, the PF 8683/36 Protocol 

Analyzer is the ideal tool. 

Of course to implement boundary- 

scan in your designs you need to 
invest a small amount in extra gates 
and pin-count. But after this, the rest 
is all benefits. Tests become feasible 
even on the most highly integrated 
designs. 90 you'll be able to test 
digital boards throughout the entire 





The Philips PF 9660/30 Boundary- 
Scan. The fast solution for debug- 


or ging the latest technology. 


more so, 








Keepin 


Today's products are faster 


than ever. 


And more Powerful. 
Tomorrow’s designs even 


Which means for 


you to keep pace, you'll need 
test instruments that keep up, 
too. Especially when you’re 
talking about such expanding 
measurement areas as time 
analysis. 


If your measurements 


Nvolve characterisation of 


ime or frequency, the PM 
680/TimeView package js 





ae 


The best of both worlds. 
Why are more and 
combination analog/di 


The simple answer is, why 


nt 
two instrument: 
expense of + of both worlds in one. 


bes 

Lg re a typical co 
scope an enginee 
speed and ease of us 
touch of a butto 

sampling an 

digital scope. 








Rea time performance — 
| Deira power 


”) 
gital scopes on board‘ 


r can have 


n - the advanced storage, 
d signal processing 


g time with the 
latest techn 


Philips Py 6680 Timer/Counter and 


the ideal choice. TimeView 
is advanced software that 
works with the PM 6680 to 
give you a new way of looking 
at signals. It uses the PM 
6680's very high 500 ps single- 
shot resolution, 4.5 GH> mea- 
surement range, and the high 
Measuring speed of up to 
2,000 measurements per sec- 

ond to make extensive time 
and frequency analyses in the 
Modulation Domain. All for 
about one-fifth of what you 
would expect to pay. 






more R&D labs taking 


have the hassle and 
s, when you can 


igital 
ination analog/dig! 
ba the familiarity, 


_ at the 
e of analog and - at th 


functions of a 





This m | 
combine the benefits ue 
time acquisition, We 
adjustments and infin : 
ability to capture Heep 
calculated measureme gr 
period, pulse width 
functions) - all in one go. ; 


ology 


TimeView Software 


For more resolution, 
repetitive time intervals can 
also be averaged. For 
frequency measurements, 
independent of input 
frequency, you have resoly- 
tion of 10 digits Per second. 
You also get an input range of 
DC to 225 MHz (1.3 GHz, 
2.7 GHz or 4.5 GHz optional), 

So what does all this 
high measuring speed, high 
single-shot resolution and 
triggering power mean? I[t 
means you now have a4 Cost- 





that you can 
eas ieee multiple real 
t update to cireul 
lution with digital’s 
e events and perform 
(Vrms, frequency, 
ther advanced 





efficient way to analyse new 
types of measurements such as 
time jitter, modulation and 
frequency transitions, 

Put all this together and 
you have the versatility to 
address = your toughest 
measurement problems. Now 


and over the coming years, 


1) 49428080, 
land (90) 5026371, France ( 
| | 4, Denmark (32) 882100, Fin 040) 724444, 
-1772, Belgium (02) 5256692/94, 40/8/9, Netherlands ( 
es SS at iat (0923) 240511, Ireland (061) 330333, Italy (039) cegiannns ies papal 
Germany (561) Set Portugal (1) 683121, Spain (1) 4042200, Sweden (08) 7821300, 
Norway (2) 741010, 


i i ven, The Netherlands. 
F untries not listed, write to: Philips T & M, Building TQUI-1, 5600 MD Abpatet e 
orco ; eit EP Sieko Ong 























The new Tektronix 224 is as powertul 
as they come. And goes! 





With this new 60 MHz digital oscilloscope, Tektronix takes 
handheld performance to an even higher plane! Ihe 224 packs 
more power per pound than any other product and — with its on-board 
rechargeable batteries — goes wherever duty calls. 

With its exclusive IsolatedChannel™ architecture, you can make two- 
channel floating measurements without the risk of shock or damage to 
delicate electronics. Such standards as Tek’s sharp, bright CRT, rapid update 
rate and wide viewing angle make measuring fast and efficient. And the 224's 
familiar front panel and fully automated features keep it simple. 

You get advanced capabilities like video line triggering and 10 MS/s 
digitizing per channel for excellent single-shot performance, plus time- 
correlated single-shot waveforms for easy comparison. With CAT200 software 
you can even control the 224 over phone lines from halfway round the world. 

Call 1-800-426-2200 Ext. 83 to get the full story. Wel! show you 
more of the 224 — and ways it's giving bench performance wings! 








Tektronix 


Test and Measurement 
Copyright © 1992, Tektronix, Inc. All rights reserved. 


40W-188392 CIRCLE NO. 110 


TEKTRONIX DISTRIBUTORS 
TEST AND MEASUREMENT PRODUCTS 
Stocking Distributors 
Alaska Michigan 
Frigid North Great Lakes 
Anchorage, AK Battle Creek, MI 
(907) 561-4633 (616) 963-6282 
Arizona R.S. Electronics 
CMI-Metermaster Livonia, MI 
Tempe, AZ (313) 525-1155 
(602) 431-0880 (800) 366-7750 
Jensen Tools Inc. Minnesota 
Phoenix, AZ Stark Electronics 
(602) 968-6241 Supply 
Arkansas Minneapolis, MN 
Carlton Bates (612) 332-1325 
Little Rock, AR Missouri 
(501) 562-9100 Olive Electronics 
Californi Maryland Heights, MO 
Scanian (314) 997.7709 
Engineers Electronic Supply Co. 
San Diego, CA Kansas City, MO 
(619) 268-8344 (314) 931-0250 
ITC Electronics ISL Corporation 
Los Angeles, CA St. Louis, MO 
(213) 388-0621 (314) 423-3141 
Marshall Industries | New Mexico 
El Monte, CA Electronic Parts Co. 
(800) 522-0084 Albuquerque, NM 
RAG (505) 293-6161 
Canoga Park, CA New York 
(818) 998-6500 Instrument Mart, Inc. 
: Great Neck, NY 
ages Ce 16) 487-7430 
(408) 942-5432 Transcat 
. Rochester, NY 
— (716) 458-4801 
Orlando. FL (800) 828-1470 
(407) 849.6060 (outside New York) 
‘ Pennsylvania 
Sd: WO Inc, Leff Electronics 
Miteinss. GA Braddock, PA 
(404) 446-2620 (412) 351-5000 
Illinois Sunshine Scientific 
: Instruments, Inc. 
— h Electronics philadelphia, PA 
(312) 297-4200 Beans 
: South Caroli 
sary hae mins Dixie Electronics 
; Columbia, SC 
ere (803) 779.5332 
W.W. Grainger T 
North Suburban, IL €Xas 
(708) 913-7459 . ov 
(800) 521-5585 
(214) 243-7000 
Maryland 
Aberdeen, MD Dallas, TX 
(301) 838-7990 (214) 980-9876 
TESSCO Utah 
Hunt Valley, MD oe Supply 
mpany 
(301) 785-5300 Salt Lake City, UT 
Massachusetts (801) 486-3371 
Contact East hiv 
North Adnover, MA Washingto om 
Seattle, WA 
(206) 282-2511 
Tektronix 
Test and Measurement 


EDN-NEW PRODUCTS 





Integrated Circuits 





VMEbus controller. The VME64- 
compatible VIC64 VMEbus interface 
controller provides a seamless 64-bit up- 
grade from the company’s VIC068. The 
V1C64 is pin compatible with the exist- 
ing VIC068, incorporates the same in- 
dustry-standard feature set, and uses 
the same software. By using the 
VMEbus’s 32-bit address bus for data 
during its frequent idle periods, the 
VIC64 allows designers to implement 
64-bit data transfers at 70 Mbytes/sec, 
doubling the performance of existing 
VMEbus backplanes. In 144-pin pin 
grid arrays and 160-pin quad flatpacks, 
from $140 (100). Cypress Semiconduc- 
tor, 3901 N First St, San Jose, CA 
951384. Phone (408) 943-2600. 

Circle No. 351 


Static RAMs. Available in three ver- 
sions, these 4-Mbit static RAMs (SRAMs) 
feature access times of 20 and 25 nsec. 
The »PD434001LE has an organization 
of 4M x 1 bit, the »PD434004LE 1M x4 
bits, and the pPD434008LE 512k x8 
bits. Standby current drain is 10 mA 
for all versions, and active current 
ranges from 130 to 190 mA. In 32- and 
36-pin SOJ packages, from $600 (10). 
NEC Electronics Inc, 401 Ellis St, 
Mountain View, CA 94039. Phone (415) 
960-6000. FAX (415) 965-6130. 

Circle No. 352 


Laser-diode driver. Fabricated in 
GaAs, the ALD30011 laser-diode driver 
has a frequency range of 10 kHz to 3 
GHz. Using a single —5.2V supply, the 
driver can modulate a laser diode at bit 
rates to 2.5 Gbps and provide 80 mA 
of modulation current with 100-psec rise 
and fall times. A dual differential gain 
stage reduces pulse asymmetry. An on- 
chip 180° phase splitter enables single- 
ended input drive. $97 (100). Anadigics 
Inc, 35 Technology Dr, Warren, NJ 
07060. Phone (201) 668-5000. FAX (201) 
668-5068. TWX 510-600-5741. | 
Circle No. 353 


386SX/DX microprocessors. High- 
performance versions of its Am386 mi- 
croprocessor (wP) family, the Am386SX 
and Am386SXL (low power) devices are 
available in a 33-MHz rating, and the 
Am386DX/DXL are available in a 40- 
MHz rating. All devices come in low- 
cost plastic packages. The Am386SX/ 
SXL-33, in a 100-pin plastic quad 
flatpack, $76; Am3886DX/DXL-40, in a 
132-pin plastic quad flatpack, $114 
(1000). Advanced Micro Devices Inc, 
901 Thompson Pl, Sunnyvale, CA 
94088. Phone (408) 732-2400. , 

: Circle No. 354 


Math coprocessor. Targeted for 
high-performance portable computers, 
the IIT-8C87SX math coprocessor runs 
at 83 MHz and is compatible with exist- 
ing 3886SX pPs. Packaged in a plastic 
quad flatpack, approximately $100 
(OEM). Integrated Information Tech- 
nology Inc, 2445 Mission College Blvd, 
Santa Clara, CA 95054. Phone (408) 727- — 
1885. FAX (408) 980-0432. Circle No. 355 





High-speed, 10-bit A/D converter. 
The TLC1550 successive-approximation 
register (SAR) ADC supports high- 
performance systems. Unlike 10-bit 
ADCs with an 8-bit bus, which require 
two read instructions, the TLC1550’s 
10-bit bus requires only a single instruc- 
tion. A 3-state parallel port interfaces 
directly with most DSP and pP system 
data buses. Data-access time is 35 nsec, 
and maximum unadjusted error is +1 
LSB. In 28-pin plastic leaded chip carri- 
ers or 24-pin DIPs, from $4.87 to $6.27 
(1000). Texas Instruments, Semicon- 
ductor Group (SC-92010), Box 809066, 
Dallas, TX 75380. Phone (800) 336-5236, 
ext 3990; outside US, (214) 995-6611, 
ext 3990. Circle No. 356 


Am386SX-compatible chip sets. 
Designed to work with the 33-MHz 
Am386SX microprocessor, these chip 
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EDN-NEW PRODUCTS 





Integrated Circuits 


sets support desktop and notebook com- 
puters. The OTI-020 provides 70% of 
the additional circuitry needed in a 386- 
based desktop computer. The OTI-040, 
which contains power-management 
functions that extend battery life, pro- 
vides 80% of the circuitry needed in a 
386-based notebook computer. OTI-020 
and OTI-040, $21 and $40, respectively, 
(1000). Oak Technology Inc, 139 Kifer 
Ct, Sunnyvale, CA 94086. Phone (408) 
737-0888. FAX (408) 737-3838. 

3 Circle No. 357 


Programmable telecomm ICs. The 
TEL5100 programmable gain/attenu- 
ator chip and the TEL5500 programma- 
ble equalizer chip suit PBX, central- 
office-equipment, and telephone-switch 
applications. The TEL5100 provides 
low-noise logarithmic gain or attenu- 
ation from —16.5 dB to +16 dB, in 
steps of 0.1 dB. A diagnostic capability 
allows external examination of the pre- 





viously programmed digital value, and 
an external pin enables a low-power 
standby mode. The TEL5500 performs 
low-noise equalization according to a 
transfer function defined by slope, 
bandwidth, and height values input by 
the user. TEL5100 and TEL5500, from 
$8.15 and $5.65, respectively, (2500). 
Delivery, six to eight weeks ARO. Tele- 
phonics Corp, 815 Broad Hollow Rd, 
Farmingdale, NY 11735. Phone (516) 
755-7000. FAX (516) 755-7046. 

Circle No. 358 


Clock-rate adapters. Three clock- 
rate adapters work in North American 
Tl and European E1 applications. The 
LXP602 generates a 1.544-MHz clock 
locked to a 2.048-MHz master clock, or 
vice-versa, and also provides an 8.192- 
MHz high-frequency output (HFO) 
clock. The LXP604 generates a 1.544- 
MHz clock locked to 4.096-MHz master 
clock, or vice-versa, and also provides 
an HFO of 8.192 or 6.176 MHz. The 
LXP610 is a universal device that pro- 
vides any of 17 frequency combinations 
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ranging from 1.544 to 8.192 MHz. 
LXP602 and LXP604, in 8-pin DIPs, 
$12.75; LXP610, in a 14-pin DIP, $14.50 
(100). Level One Communications Inc, 
105 Lake Forest Way, Folsom, CA 
95630. Phone (916) 985-3670. 

Circle No. 359 


Programmable FIR filter. Operating 
at speeds to 40 MHz, the MC27HC68 
programmable filter suits HDTV and 
video-conferencing applications. Ad- 
dressing static-programming applica- 
tions, the device does not reprogram 
filter coefficients during operation. As 
a result, there is no need to continually 
recalculate the products of the input 
samples and filter coefficients. A single 
device can implement filters with 16 to 
24 taps, and a 16-bit carry input allows 
cascading of devices. MC27HC68, in a 
68-pin ceramic LCC with quartz lid, 
from $59 (1000). SGS-Thomson Micro- 
electronics, 1000 E Bell Rd, Phoenix, 
AZ 85022. Phone (602) 867-6100. FAX 
(602) 867-6290. Circle No. 360 


Clock generator. Operating at speeds 
to 275 MHz, the Bt440 programmable 
clock generator provides timing for 
high-speed RAMDACs used in high- 
resolution graphics applications. Inter- 
facing to a low-frequency quartz crys- 
tal, the IC multiplies the clock oscillator 
by 8, 16, 20, or 32 times the base fre- 
quency to generate the pixel clock sig- 
nals that drive the RAMDACs. A single 
crystal can provide resolutions of 
1152 x 900, 1280 x 1024, and 1600 x 1280 
pixels. In a 28-pin plastic leaded chip 
earrier, $25 (100). Brooktree Corp, 
9950 Barnes Canyon Rd, San Diego, CA 
92121. Phone (619) 452-7580. FAX (619) 
452-1249. TLX 383596. Circle No. 361 


Half-bridge n-channel power 
MOSFET driver. Featuring synchro- 
nously controlled high- and low-side 
drivers that can operate from de to 100 
kHz, the LT1158 eases the design of 
low-voltage switch-mode controllers 
that use n-channel power MOSFETs. 
The driver can switch a 3000-pF ca- 
pacitive load in 150 nsec and a 10,000-pF 
load in 250 nsec. Adaptive nonoverlap 
gate drives eliminate size and matching 
requirements for the power MOSFETs. 
The LT1158, in 16-pin DIP and SO 
packages, from $3.15 (100). Linear Tech- 
nology Corp, 1630 McCarthy Blvd, Mil- 
pitas, CA 95035. Phone (800) 637-5545; 
(408) 432-1900. FAX (408) 484-0507. 
Circle No. 362 


Where you can learn a 
little black magic. 


If you'd like to learn a few new tricks in 
analog design, check the schedule of the 
Analog Devices Advanced Linear Design 
Seminar below and then reserve your 
space by calling 1-800-ANALOGD (in 
Canada, call 617-937-1430) today. 














































NORTH AMERICA 


City Date 
Cleveland, OH May 5 
Detroit, MI May 6 
Santa Clara, CA May 7 
Burlington, MA May 7 
Pleasanton, CA May 8 
Milwaukee, WI May 11 
San Diego, CA May 11 
Chicago, IL May 12 
Irvine, CA May 12 
Houston, TX May 13 
Woodland Hills, CA May 13 
Dallas, TX May 14 
Phoenix, AZ May 14 
Dayton, OH May 15 
Denver, CO May 15 
Minneapolis, MN May 18 
Huntsville, AL May 18 
Waterbury, CT May 19 
Atlanta, GA May 19 
Whippany, NJ May 20 
Tampa, FL May 20 
Smithtown, NY May 21 
Orlando, FL May 21 
Santa Clara, CA May 27 
Rochester, NY May 27 
Beaverton,OR May 28 
Toronto, Can | May 28 
Bellevue, WA May 29 
Montreal, Can May 29 
Waltham, MA June | 
Raleigh, NC June 2 
Ft. Washington, PA June 3 
Baltimore, MD June 4 


McLean, VA 


















KUROPE 


City Date 
Copenhagen, Denmark May 4 
Berlin, Germany May 5 
Wiesbaden, Germany May 6 
Hamburg, Germany May 7 
Miinchen, Germany May 8 
Vienna, Austria May 11 
Ziirich, Switzerland May 12 
Lyon, France May 13 
Paris, France May 14 
London, England May 15 
Edinburgh, Scotland May 18 
Eindhoven, Netherlands May 19 
Stockholm, Sweden May 20 
Rome, Italy May 21 


Milan, Italy May 22 








Far East and Japan seminars to be held in 
June. Please call 1-617-937-1430 for 
schedule. 


It you've always thought linear design involved a little 
black magic, here's where you can learn a few of the tricks. 





If you’re one of the few engineers who realizes the world of analog design isn’t all that mysterious, 
you'll appreciate our Advanced Linear Design Seminar. Because it’s the perfect opportunity to pick up 
a few new tricks. 

Hosted by Analog Devices, one of the leading suppliers of analog and mixed-signal ICs, and its distribu- 
tors, the seminar series will include talks by prominent design wizards such as Derek Bowers, Paul Brokaw, 
Lou Counts, Barrie Gilbert, Walt Jung, and others. 

The full-day tutorials also include solutions-oriented discussions that are geared towards showing 
you how to increase system performance while actually lowering overall cost. Plus you'll get free product 
samples, our 700-page Amplifier Applications Guide, other technical reference materials, and more. 

Admission to the seminar is just $20, and it includes everything above, lunch, and refreshments. 


So if you're a design wizard who wants to add to your repertoire of linear design tricks, it’s no secret 
what you should do — call 1-800-ANALOGD (in Canada, call 617-937-1430) and ANALOG 
reserve a seat today. Before they all disappear. DEVICES 


The Analog Devices Advanced Linear Design Seminar. 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices, applications support and distribution available worldwide. 
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EDN CARAVAN ELECTRONIC SHOW TOURS 


The Electronic Trade Show on Wheels 


The 1992 
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he EDN sponsored "traveling trade 
show" hits the road again this spring. 
This modern version of the trade 
show delivers “hands on" working 
exhibits directly to the engineers’ business 
doorstep. Over 100 leading electronic 
equipment manufacturers across the coun- 
try will host the EDN Caravan Show on- 
site. Factory and local experts will staff 
exhibits on-board the customized mobile 
showroom. In a matter of minutes, 
engineers can watch or operate demos, 
ask questions and learn about up-to-the- 
minute product developments. 
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\ Check EDN Caravan Show schedule and mark your calendars now for the date 
| we visit your company. Make it a point to attend this unique electronics exhibit 
4and look for the suppliers listed here. (schedule subject to change.) 
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DATE TIME 

3/16 9:00-11:00 
Monday AM 

3/16 12:30-2:30 
Monday PM 

3/17 8:30-10:00 
Tuesday AM 

3/17 11:00-12:30 
Tuesday AM-PM 
3/17 1:30-3:30 
Tuesday PM 

3/18 9:00-11:00 
Wednesday AM 

3/18 12:30-2:30 
Wednesday PM 

3/19 1:00-3:00 
Thursday PM 

3/20 9:00-10:00 
Friday AM 

3/20 12:30-2:00 
Friday PM 

3/23 9:00-10:30 
Monday AM 

3/23 1:00-3:30 
Monday PM 

3/25 8:30-11:00 
Wednesday AM 

3/25 1:00-3:00 
Wednesday PM 

3/26 9:30-12:00 
Thursday AM 

3/26 1:00-3:00 
Thursday PM 

3/27 8:30-11:00 
Friday AM 

3/27 1:00-2:30 
Friday PM 

3/30 9:00-11:00 
Monday AM 

3/30 12:30-3:00 
Monday PM 

3/31 8:30-10:30 
Tuesday AM 

3/31 12:30-3:00 
Tuesday PM 

4/1 8:30-10:00 
Wednesday AM 

4/1 11:00-1:00 
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EDN CARAVAN ELECTRONIC SHOW TOURS 


The Electronic Trade Show on Wheels 


LOCATION 


BOEING HUNTSVILLE 
499 Boeing Blvd., Huntsville, AL 


INTERGRAPH CORPORATION 
Intergraph Way, Huntsville, AL 


ACUSTAR INC. 
100 Electronics Blvd., Huntsville, AL 


AVEX ELECTRONICS 
4807 Bradford Drive, Huntsville, AL 


TELEDYNE BROWN ENGINEERING 
5021 Bradford Blvd., Huntsville, AL 


SCI TECHNOLOGY (Plant 3 & 13) 
13000 So. Memorial Parkway, Huntsville, AL 


SCI TECHNOLOGY (Plant 1) 
8600 S. Memorial Parkway, Huntsville, AL 


BNR/NORTHERN TELECOM 
705 Westech Drive, Norcross, GA 


OKI TELECOM GROUP 
437 Old Peachtree Road, Suwanee, GA 


RELIANCE ELECTRIC 
Collins Industrial Blvd., Athens, GA 


NCR CORPORATION 
7240 Moorefield Highway, Liberty, SC 


NCR CORPORATION 
3325 W. Platt Springs Rd., W. Columbia, SC 


AT&T PARADYNE CORPORATION 
8545 126th Avenue N., Largo, FL 


GROUP TECHNOLOGIES CORP. 
10901 Malcolm McKinley Dr., Tampa, FL 


HONEYWELL, INC., Avionics 
13350 US Highway 19 So., Clearwater, FL 


SMITHS INDUSTRIES, Aero. & Defense 
14180 Roosevelt Blvd., Clearwater, FL 


E-SYSTEMS, INC., EC! Div. 
1501 72nd Street N., St. Petersburg, FL 


LORAL DATA SYSTEMS 
6000 Fruitville Road, Sarasota, FL 


RACAL-DATACOM, INC. 

1601 N. Harrison Parkway, Sunrise, FL 
MOTOROLA INC. 

8000 W. Sunrise Blvd., Plantation, FL 


BENDIX/KING, Air Transport Avionics 
2100 N.W. 62nd Street, Fort Lauderdale, FL 


IBM CORPORATION 
1000 N.W. 51st Street, Boca Raton, FL 


ROCKWELL INTL’, Collins Aviation 
600 John Rodes Blvd., Melbourne, FL 


HARRIS CORPORATION, ESD 





: =} Basler Electric 
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A Subsidiary of Elco Corporation 
A Kyocera Group Company 


CO a ¥ 


DATE TIME 
Wednesday AM-PM 
4/1 2:30-4:00 
Wednesday PM 
4/2 9:00-12:00 
Thursday AM 
4/2 1:30-3:30 
Thursday PM 
4/3 9:00-11:00 
Friday AM 
4/3 1:00-3:00 
Friday PM 
4/6 9:00-11:30 
Monday AM 
4/6 12:30-2:00 
Monday PM 
4/6 2:45-4:15 
Monday PM 
4/7 9:00-11:00 
Tuesday AM 
4/7 1:30-4:00 
Tuesday PM 
4/8 9:00-11:00 
Wednesday AM 
4/8 1:30-3:30 
Wednesday PM 
4/9 9:00-11:00 
Thursday AM 
4/9 12:30-2:30 
Thursday PM 
4/10 8:30-11:00 
Friday AM 
4/10 12:30-2:30 
Friday PM 
4/13 9:00-10:30 
Monday AM 
4/13 1:30-3:30 
Monday PM 
4/14 9:00-10:30 
Tuesday AM 
4/14 11:30-2:00 
Tuesday AM-PM 
4/15 9:00-12:00 
Wednesday AM 
4/16 9:00-11:00 
Thursday AM 
4/16 12:30-2:30 
Thursday PM 
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Computer Aided 
Product Selection 


ESTED 
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Corporation 


A Kyocera Group Company 


World Class Connections 


LOCATION 


Palm Bay Road, Palm Bay, FL 


GRUMMAN MELBOURNE SYSTEMS 
2000 NASA Bivd., Melbourne, FL 


MARTIN MARIETTA CORP., ESD 
12506 Lake Underhill Road, Orlando, FL 


MARTIN MARIETTA CORP., MSD 
5600 Sand Lake Road, Orlando, FL 


SIEMENS STROMBERG-CARLSON 
400 Rinehart Road, Lake Mary, FL 


~’ GENERAL ELECTRIC, Simulation & Control 


1800 Volusia Avenue, Daytona Beach, FL 
IBM CORPORATION 

Research Triangle Park, RTP, NC 
NORTHERN TELECOM, INC./BNR 

4001 E. Chapel Nelson Hwy., RTP, NC 


NORTHERN TELECOM, INC. 
400 Perimeter Park Dr., Morrisville, NC 


ALCATEL NETWORK SYSTEMS 

2912 Wake Forest Road, Raleigh, NC 
AT&T TECHNOLOGIES, Guilford Center 
Mount Hope Church Rd., McLeansville, NC 
GENERAL ELECTRIC COMPANY 

1501 Roanoke Blvd., Salem, VA 
ERICSSON/GE Mobile Communications 
Mountain View Road, Lynchburg, VA 
SPERRY MARINE, INC. 

Route 29 North, Charlottesville, VA 

GE FANUC AUTOMATION NA, INC. 

US 29 & Rt 606, Charlottesville, VA 
E-SYSTEMS, INC., Melpar Div. 

7700 Arlington Blvd., Falls Church, VA 
E-SYSTEMS, INC., Melpar Div. 

11225 Waples Mill Road, Fairfax, VA 
PULSECOM INC. 

2900 Towerview Road, Herndon, VA 
LITTON SYSTEMS, Amecom Div. 

5115 Calvert Road, College Park, MD 
FAIRCHILD COMM. & ELECTRONICS 
20301 Century Blvd., Germantown, MD 
HUGHES NETWORK SYSTEMS, INC. 
11717 Exploration Lane, Germantown, MD 
WESTINGHOUSE CORPORATION (BWI) 
Route 170, Linthicum, MD 

ALLIED SIGNAL AEROSPACE 

1300 E. Joppa Road, Baltimore, MD 


AAI CORPORATION 
110 Industry Lane, Cockysville, MD 


FREQUENCY SYNTHESIZERS 


A COMPANY OF 


RESISTIVE 
SYSTEMS 





WAVETEK 





The Power in Telecommunications 





The squeeze Is on 


Slimming is an obsession in the electronics industry as 
engineers face the task of making thinner cards to fit even more functions 
into standard racks. Once again Ericsson can help. 
The new PKE is a 25-30 W DC/DC converter squeezed into a slim 
package little more than half the height of its predecessor, the 
internationally acclaimed PKA converter. The PKE is only 10.7 mm (0.42") 
high and has the same 3"x3" industry-standard footprint and pin out. 
Having set the standard for DC/DC converters in 1983, Ericsson’s new 
series represents a remarkable leap forward in power supply 
technology... The PKE needs no power detailing over its enite ambient ee 


| vin 3 Please send me your EDN 4-9-92 
J aR 7 ig y S e e 

temperature range of -45 to +85 °C. Quite simply, no one else achieves latect nfo Sia 

this in so little space. And you can choose from versions with one, two oe 

or three regulated outputs. 

he Eto 4 Company 
Perhaps most surprisingly, performance is in no way compromised 
Job Title 


by the size reduction. In fact, the PKE is even better than the PKA. 

A wide input voltage of 38 to 72 VDC is complemented by 1500 VDC ae 

isolation, 80-85% typical efficiency and two million hours MTBF at 

+45 °C ambient. Rieshone 
The PKE converter from Ericsson - slim, compact and beautifully 


Fax 


formed. Squeeze in the time to call us for more information. 


France: Ericsson Components Europe, Guyancourt, Tel: +33-1-30 64 85 00 Fax: +33-1-30 64 11 46 
Germany: Ericsson Components Europe, Neu-Isenburg, Tel: +49-6102-200 50 Fax: +33-6102-20 05 33 
Great Britain: Ericsson Components Europe, Coventry, Tel: +44-203-55 36 47 Fax: +44-203-22 58 30 
Hong Kong: Ericsson Components, East Asia, Wanchai, Tel: +852-5-75 66 40 Fax: +852-834 53 69 

Italy: Ericsson Components Europe, Milano, Tel: +39-2-33 20 06 35 Fax: +39-2-33 20 06 41 
Norway: Ericsson Components A/S, Oslo, Tel: +47-2-65 01 90 Fax: +47-2-64 41 38 

Sweden: Ericsson Components AB, Stockholm, Tel: +46-8-757 43 84 Fax: +46-8-757 44 21 

United States: Ericsson Components Inc, Richardson, TX, Tel: +1-214-997-6561 Fax: +1-214-680-1059 
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Believe it or not, it only | 





IN THE TIME IT TAKES 10 READ 
THIS AD, YOU COULD ROUTE 
THE WORLD'S FASTEST FPGA. 





reprogrammed an un- 


takes about 150 seconds to limited number of times. 
place and route a Xilinx Our FPGAs save you 
FPGA. an enormous amount of 
It will probably take time right up front. And 
you longer to read this ad. they also save you time 
THE FIRST AND STILL later when you need to : 
THE FASTEST. make those “last minute 
At Xilinx we invented enhancements, 
the FPGA. And we've led its one more Way we 
the industry ever since. make it easier for you to 
With the fastest, high- get your product to market 
est performance FPGAS as fast as possible. 
available anywhere. : ae 5 : GETTING AN EDGE OVER 
To day, weo ffor sys tem Our new push-button software makes programming other logic devices seem positively tedious. YOUR COMPETITORS IS 
clock speeds of 60 MHz. ments even before you start to place JUST A PHONE CALL AWAY. 
With on-board RAM. And on-chip and route your design. If you've read this far, 
wide decode. If you’ve never worked with you could have already placed and 
Making our newest FPGAs ideal —_ Xilinx FPGAs before, you'll findevery routed one of our FPGAs. 


for everything from FIFOs to address 
decoding. 


NEW ENHANCED SOFTWARE 
PROVIDES PUSH BUTTON 
SOLUTION. 


To make Xilinx FPGAs even 
faster and easier to program, we've 
redesigned our software. 


SYSTEM CLOCK SPEEDS 


#@ 3000 Family 
@ 4000 Family 











16 Bit 16 Bit Adder/ Critical Path Circuit 
Counter Subtractor AT&N Sept. 90 


As measured by typical design benchmarks, 
the XC3000 family is the industry's fastest 
FPGA. Or at least it was until we introduced 
the 4000 family. 

Our new version of XACT™ now 
comes with 200 soft macros. And 
fifty hard macros. 

Providing automatic placing and 
routing for virtually all designs. With 
greater than 90% gate utilization. 

If you've worked with Xilinx 
FPGAs before, you'll see improve- 


other logic device to be positively ELAPSED TIME FOR 100% ROUTING 






tedious by comparison. . Beas 
WHEN IT COMES TO SYSTEM Be 30 pupil 
TESTING, WE PASS WITH 2 
FLYING COLORS. =6 
Our newest FPGAs offer you the ie 





~~ 4000 ~~ 2000 
USABLE GATES 


industrys first on-chip JTAG boun- 
dary scan for easy testing of PC 
boards and device I/Os. 

This unique Xilinx offering 
improves overall system testability 
and dramatically reduces board 
test costs. A major boost for those 
designing high-density, surface 
mount systems or complex, multi- 


New algorithms have reduced place and 
route tumes by a factor of four 


So don’t delay. No other pro- 
grammable logic company offers 
you the many exclusive features of 
Xilinx FPGAs. 

Call 1-800-255-7778. Or in 


l im . 
ie California, 408-559-7778. And we'll 
IF AT FIRST YOU DON'T SUCCEED, =—_ send you more information on how 
IT’S EASY TO TRY AGAIN. our FPGAs can give you the com- 
Xilinx FPGAs can be quickly petitive edge. 


But you better hurry. 
Some of your competitors have 
already finished reading this ad. 


>< XILINX 


The Programmable Gate Array 
Company 





© 1991 Xilinx, Inc. 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401. Japan, 81 (3) 297-9191. Asia, 852 (3) 721-0900. Xilinx and XACT are trademarks 
and The Programmable Gate Array Company is a service mark of Xilinx, Inc. All other trademarks or registered trademarks are the property of their respective holders. 


CIRCLE NO. 114 EDN April 9, 1992 = 161 








Augat offers you a choice in 
SIMM Metal Latch Sockets. 


Augat’s 3950 Series Metal Latch SIMM 
Sockets provide a more reliable, user 
friendly interconnect for memory 
modules. Memory upgrades are easy with 
Augat’s patent pending latch design. Our 
unique design offers you the choice of 
readily accessing the latch from the front 
sides of the socket. A great advantage 
when modules are closely stacked or 
difficult to reach. 


Rugged, stainless steel latches provide 
positive retention with an audible “click” 
indicating memory module is fully 
engaged. High performance LCP molded 


insulators proven to be dimensionally 
stable through IR processing combine 
with an anti-overstress contacts designed 
to accommodate the full range of JEDEC 
dimensioned modules. 


Augat, “the first name in sockets”, 
continues to provide the quality and 
innovation you expect. 


Available from stock in popular sizes on 
.050" and .100" centerlines or through 
your local distributor. 






® 
Quality 
and Innovation 


UGA 


INTERCONNECTION PRODUCTS DIVISION 





We encourage you to get complete technical 
and delivery information on these or any other 
interconnection components you require. 


452 John Dietsch Boulevard 
Attleboro Falls, MA 02763 USA 
Tel: (508) 699-9800 FAX: (508) 699-6717 
CIRCLE NO. 133 








Ethernet Cards. The Interlan AT and 
Interlan AT TP are 8- or 16-bit ISA 
bus Ethernet cards. The AT board has 
an attached-unit interface (AUI) and a 
BNC connector for thick and thin Eth- 
ernet networks. The AT TP board has 
an AUI and an RJ-45 connector for 
thick and 10Base-T networks. The 
boards have 16 kbytes of memory- 
mapped RAM. A LAN Talk disk con- 
tains Novell Netware 286/386, NDIS for 
DOS and OS/2, and Unix Streams soft- 
ware drivers. $229. Racal-Datacom 
Inc, 155 Swanson Rd, Boxborough, MA 
01719. Phone (800) 526-8255; (508) 263- 
9929. FAX (508) 263-8655. Circle No. 363 


Sbus synchronous-communication 
board. The Model PT-SBS332 synch- 
ronous-communications board for the 
SBus employs Zilog’s 16C35 Integrated 
Serial Communications Controller 
(ISCC) chip and Motorola’s MC68340 
Integrated Processor. It provides two 
serial ports that communicate at T1 
(1.544 Mbps) and E1 (2.048 Mbps) rates 
on both ports. The board employs the 
company’s Line Adapter Board (LABs), 
which are small plug-on boards that de- 


Computers & Peripherals 





termine the specific line interfaces and 
can be upgraded in the field. Board with 
2 Mbytes of RAM and an EIJA-232C 
interface, $1175. Performance Tech- 
nologies Inc, 315 Science Pkwy, Roch- 
ester, NY 14620. Phone (716) 256-0200. 


FAX (716) 256-0791. Circle No. 364 


Parallel COM Board. The DB- 
PCOMM is a parallel communication 
board for the VMEbus. A high-speed 
32-bit I/O port transfers synchronous 
data at 33 Mbytes/sec and asynchronous 
data at 22 Mbytes/sec. The board also 
has a general-purpose 8-bit port. It con- 


nects to the host via a VME subsystem © 


bus interface and a Dbus-68 interface, 


which permits 32-bit DMA transfers to 
the host. $2995. Matrix Corp, 1203 New 
Hope Rd, Raleigh, NC 27610. Phone 
(800) 848-2330; (919) 231-8000. FAX 
(919) 231-8001. Circle No. 365 


ISA bus EEPROM boards. The PCE910 
family EEPROM boards for the ISA 
bus use nonvolatile memory that can 
replace hard-disk storage. You can 
populate the boards with as much as 1 
or 2 Mbytes of flash EEPROM. You 
ean boot the board using an onboard 
BIOS, which simplifies installation and 
provides power-up diagnostics. $1044 
(100). Memtech Technology, 3000 
Oakmead Village Ct, Santa Clara, CA 
95051. Phone (408) 970-8900. FAX (408) 
986-0656. TWX 910-250-1368. 

Circle No. 366 


VMEbus dynamic-RAM card. The 
VRAM-10 all-CMOS memory board for 
the VMEbus comes in five versions that 
have 1, 2, 4, 8, or 16 Mbytes of dynamic 
RAM. The maximum access time is ap- 
proximately 150 nsec. The board oper- 
ates from 0 to 70°C, and it draws 100 












Kit. 


to name a few. 


independent. 


FUSION is a licensed trademark. 





Now you can incorporate the industry 
standard ‘TCP/IP protocol suite in your 
system designs with FUSION Developer's 


Designed for the OEM and systems 
integrator, FUSION Developer's Kit 
provides the full ‘'CP/IP protocol suite 
including TELNET virtual terminal, file 
transfer protocol (FTP), and R-Commands 


FUSION Developer's Kit also has a 
flexible C-source code architecture, making 
it processor- and operating system- 


Looking to Add TCP/IP Network 
Access to Your System Designs? 


Introducing .. . 


485-8204. 


a A 
i 





=== Network Research 
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For More Information on Lambda Please Circle No. 116 
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Currently used in hundreds of process 
control, embedded systems, and end user 
designs, FUSION Developer's Kit from 
Network Research comes with full 
support and porting services. 

To receive a FUSION Developer's 
Kit information package, including data 
sheet, technical specifications and 
licensing plans call (800) 541-9508 or 
write to Network Research, 2380 N. Rose 
Ave., Oxnard, California 93030, FAX (805) 
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mA of standby current. A front-panel 
LED indicates 9-bit parity errors. $611. 
Dynatem, 15795 Rockfield Blvd, Suite 
G, Irvine, CA 92718. Phone (714) 855- 
3235. FAX (714) 770-3481. Circle No. 367 


Serial 1/O subsystems. The Megaplex/ 
2 and Megaplex/RS are serial I/O sub- 
systems for IBM PS/2 and RISC Sys- 
tem/6000 Micro Channel Architecture 
computers. The systems directly con- 


Accurate toa T ... 
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as well as B, E, J, K, R, and S type. 


For your difficult temperature 
monitoring problems, the SR630 
Thermocouple Monitor provides 
the power and flexibility you 
need. The SR630 interfaces 7 
types of thermocouples, 16 

independent channels of data 
and easily handles monitoring 
and logging functions as well as 
computer interfacing. And the 
easy to use front panel makes 
setup a snap. 


And the price? At $1495, the 
SR630 is the complete, low cost 
solution you're looking for. 


The SR630 
Thermocouple Monitor 
$1495 


¢ 16 channels 

¢ 0.1 degree resolution 

¢ B, E, J, K, R, S, and T type 
thermocouples 
°C, °K, °F, and mV dc readings 
2000 point non-volatile memory 
4 proportional analog outputs 
Audible alarm 
GPIB, RS232 and Printer 
interfaces 


STANFORD RESEARCH SYSTEMS 


1290 D Reamwood Avenue, Sunnyvale, CA 94089 


TEL (408)744-9040 FAX 4087449049 TLX 706891 SRS UD 





see tata 
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nect as many as 96 serial ports to the 
host using a single-slot controller board. 
Four 24-port multiplexers connect to 
the controller board via 4-wire links. 
As many as eight host controllers can 
be installed in a single computer, and 
you can locate the multiplexers as far 
as 2500 ft from the controller. The 24- 
port Megaplex/2 and Megaplex/RS con- 
figuration, consisting of a host con- 
troller, a multiplexer, manual, and soft- 
ware driver, $2595 and $2695, respec- 
tively. Equinox Systems Inc, 14260 
SW 119 Ave, Miami, FL 33186. Phone 
(800) 275-3500. FAX (305) 253-0003. 
Circle No. 368 


Plotter sharing card. The Jetcard/DJ 
is a plug-in card for Hewlett-Packard’s 
Designjet inkjet plotter. The card pro- 
vides six serial RJ-11 ports to support 
multiple users; it plugs into a modular 
I/O slot of the plotter. Four of the ports 
can handle data-transfer rates as fast 
as 115,200 baud. A DOS-compatible 
utility programs a computer’s COM1 
through COM4 ports to attain the high 
baud rates. A 2-Mbyte buffer version, 
$995. Excellink Inc, 1430 Tully Rd, 
Suite 415, San Jose, CA 95122. Phone 
(408) 295-9000. FAX (408) 295-9011. 
Circle No. 369 





Super VGA card. The CVC550 super 
VGA ecard employs dual-port video 
RAM (VRAM) that’s accessible to the 
host CPU and the board’s 82C453 VGA 
controller IC from Chips and Technolo- 
gies. The board comes with 512 kbytes 
or 1 Mbyte of VRAM and supports both 
noninterlaced and interlaced monitors 
that have resolutions as high as 
1024 x 768 pixels and 256 colors. A 512- 
kbyte version, $255. Ergon Technolo- 
gies Inc, Box 748, Ridgeland, MS 
39158. Phone (601) 856-4121. TLX 
585326 Circle No. 370 


Brushless de amplifier. The ALC- 
CM is a transconductance amplifier for 
driving brushless de motors. It accepts 


+10V de inputs or accepts optionally a 
pulse-width-modulation input and a di- 
rection command. Units can deliver 15A 
continuous and 25A pk from a 180V de 
power supply or 10A continuous and 
15A- pk from a 360V de power supply. 
The amplifier can also accommodate a 
50- to 400-Hz, single-phase, 8 to 264V 
ac power supply. $750. Delivery, 8 to 
10 weeks ARO. Automation Inc, Box 
7746, Ann Arbor, MI 48107. Phone (313) 
662-3707. FAX (318) 662-3707. 

Circle No. 371 


Motion-controller boards. The 
DMC-611, -621, and -631 are 1-, 2-, and 
3-axis, respectively, ISA bus motion- 
controller boards. They provide +10V 
de outputs having 12-bit resolution. The 
boards have latches that can capture 
real-time position signals within 200 
nsec. Other features include linear and 
circular interpolation along a 2-D path; 
electronic gearing to synchronize multi- 
ple axes to a master axis; and gear ratio 
changes during motion. You can specify 
255 linear or arc segments of motion 
using encoders operating at 2M counts/ 
sec. DMC-611, $995; DMC-621, $1495; 


EDN-NEW PRODUCTS 
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DMC-631, $1995. Galil Motion Control 
Inc, 575 Maude Ct, Sunnyvale, CA 
94086. Phone (408) 746-2300. FAX (408) 


746-2315. Circle No. 372 


Fast SCSI-2 coprocessor card. The 
Silicon Express II is a Busmaster Card 
for the Macintosh computer Nubus. The 
board features a 10-Mbyte/sec data- 
transfer rate on a Fast SCSI-2 port. 
The board supports the fast Nubus 
Block Mode data transfers of Quadra- 
series computers. The board has remov- 
able SCSI and power terminations. 
$1295. Atto Technology Inc, Baird Re- 





search Park, 1576 Sweet Home Rd, 
Amherst, NY 14228. Phone (716) 688- 
4259. FAX (716) 636-3630. Circle No. 373 


Flat-panel display. A flat-panel dis- 
play subsystem is available for Sun 
SPARCstations. The subsystem con- 
sists of a single-slot SBus graphics- 
controller card and a 16-in. AC plasma 
display. The display has a screen resolu- 
tion of 1280 x 1024 pixels and measures 
3’4-in. in depth. $5500. Integrix Inc, 
1200 Lawrence Dr, #150, Newbury 
Park, CA 91320. Phone (805) 375-1055. 
FAX (805) 375-2799. Circle No. 374 


Voice-processing board. The Dia- 
log/41D combines an Intel 80188 pP and 
Motorola’s 56001 DSP chip on an ISA 
bus board. The board features select- 
able voice-coding algorithms, DTMF 
detection, and a telephony interface. 
DTMF cut-through capability lets you 
access voice mail when calling from a 
mobile phone or poor-quality line. 
$1150. Dialogic Corp, 300 Littleton Rd, 
Parsippany, NJ 07054. Phone (201) 334- 
8450. Circle No. 375 





A Totally Integrated Solution with Powerful Features at an Attractive Price! 
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Multi-sheet, design oriented database 

Fast, graphical library browsing 

Top-down hierarchy with back-annotation 
Automatic gate and pin assignment 
Automatic ref. designator assignment 
Search and query functions across all sheets 


Context sensitive cursor for copy, 
On-line Logic checking across entire database 
User definable Bill of Materials 


7 ZIRT 7 Tie 
os aS ae 


move, delete 
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PADS-PCB 


PCB Design & 
Layout System 


A Simple, easy-to-use graphical user interface 
A Fast, graphical library browsing 

A 16 bit database, 1 mil database resolution 
A 400 IC design capability 

A Blind and buried via support 

A Automatic gate and pin swapping 

& Autoplace and route 

A Design ruleschecking to 1 mil accuracy 

A Fully integrated to schematic capture 


YDS YDS PDS PDS ADS AHS WS 


119 Russell Street, Littleton, MA 01460 Tel: (508) 486-9521 Fax: (508) 486-8217 Toll Free: 1-800-255-7814 
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Low cost current sensors for 
60 Hz applications 


Coilcraft’s low-cost current sensor 
is intended for 60 Hz applications. 
This compact part (roughly 3/4" 
square by 1/2" thick) is encapsulated 
in a protective epoxy coating with a 
1/8" diameter through-hole. The sen- 
sor functions as the secondary of a 
Current transformer while the con- 
ductor carrying the current to be 
measured serves as the “one turn 
primary.” 

Min. wall thickness of the hole is 
0.5 mm which meets IEC 380, VDE 
0730, and other requirements when 
used with an insulated conductor. 
Typical output voltages range from 
12mV at 1 Amp to 90 mV at 10 Amps. 

For more information, contact 
Coilcraft, 1102 Silver Lake Road, 
Cary IL 60013. 708/639-6400. 
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Module integrates all 
10Base-T magnetics 


This module provides all the low- 
pass filters, transformers and com- 
mon mode filters needed to implement 
a 10Base-T (IEEE 802.3i) interface. 

The M2021-A is an encapsulated, 
package measuring 1.375" x .725" x 
.500" high. In addition to a pair of 
isolation transformers and low-pass 
filters, the module includes single- 
ended filters to provide balance and 
reduce common mode noise. (A 
module without common mode filter- 
ing is also available.) The unit's 2000 
Vrms isolation meets IEEE 802.3 and 
IEC safety standards and the com- 
mon mode filter chokes reduce emis- 
sions for FCC and VDE compatibility. 

For more information, contact 
Coilcraft, 1102 Silver Lake Road, 
Cary IL 60013. 708/639-6400. 
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1210 inductor Trimming 
+10% capacitor 





PLUS TUNING 










1008 inductor 0805 capacitor 
+2% 





Why your tuned 
circuits ought to 


betixe 


Maybe it's time to rethink the way 
you design high frequency RF circuits. 


Instead of costly tuneable 
components, why not switch to a fixed 
LC approach using Coilcraft's tight 
tolerance chip inductors. 


You'll save up to 50% on component 


costs. Eliminate the time and expense of 
tuning. Cut board space from 60 to 70%. 


And you'll end up with a circuit 
that's more precise and stable. 


We've broken the high price barrier 
on tight tolerance chip inductors by 
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using a ceramic instead of a ferrite core. 
Besides having a much higher SRF, 
ceramic is electrically neutral. 
So we can turn out a steady supply 
of 2% parts and sell them at an 
amazingly low price. 

Our 2% inductors come in 1008 
(56 nH - 1 wH) and 0805 (56 - 220 nH} 
sizes. For non-critical applications, 
our 5 and 10% parts offer maximum 
savings. 

For data sheets or to order one of our 
Designer's Kits with prototyping 
samples, call 800/322-2645. 


PEMl/clectronic engineers master 


See our catalog in Vol. A, Section 1800 


1102 Silver Lake Road, Cary IL 60013 
800/322-2645 Fax 708/639-1469 
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Position encoder. The Astrocoder/ 
150 uses resolver-based position trans- 
ducers to measure absolute shaft posi- 
tion on either one or two shafts. Unit 
capabilities include built-in tachometer, 
offset, reset, power supply, and speed 
alarm. When operating with two shafts, 
the unit can provide a control signal to 
keep the shaft positions synchronized. 
The encoder provides four simultaneous 


Components & Power Supplies 


outputs per shaft—digital parallel posi- 
tion data; RS-422 or RS-485 serial posi- 
tion, speed, and status; de voltage level; 
and high- or low-speed alarms. $500 
(OEM qty). Astrosystems Inc, 6 Ne- 
vada Dr, Lake Success, NY 11042. 
Phone (516) 328-1600. FAX (516) 328- 
1658. TWX 510-223-0411. Circle No. 376 


Surface-mount fuses. Accu-Guard 
devices are thin-film, surface-mount 
fuses. Available in EIA standard 1206 
packages, the units have ten ratings 
ranging from 200 mA to 2A at 32V. 
Open-circuit resistance is 20 MQ min, 
and operating range spans —55 to 
+ 125°C. $0.25 (10,000). Delivery, stock 
to six weeks ARO. AVX Corp, 801 17th 
Ave 8, Myrtle Beach, SC 29577. Phone 
(803) 946-0562. Circle No. 377 


Switches. The pc-board-mountable 
Series 92 switches are oil- and water- 
tight to IP 67 specifications. They fea- 
ture a membrane cap for a complete 
front-panel seal. The actuator is avail- 
able as an indicator, pushbutton, or illu- 
minated pushbutton and comes in a va- 


riety of lens colors. From $2.50 (1000). 
EAO Switch Corp, 198 Pepe’s Farm 
Rd, Milford, CT 06460. Phone (203) 877- 
4577. FAX (203) 877-8694. Delivery, 
stock to six weeks ARO. Circle No. 378 


Laser diodes. These InGaAsP/InP la- 
ser diodes operate at rates ranging to 
622 Mbps. They are available in 14-pin 
PGT2030 and 4-pin PGT2110 packages 
that feature an optional cooler. Output 
power equals 2 mW, and operating 
range spans —40 to +85°C. PGT2030 
device, $695. Ericsson Components 
Inc, 403 International Pkwy, Richard- 
son, TX 75081. Phone (214) 669-9900. 
FAX (214) 680-1059. Circle No. 379 


Solid-state relay. The QBO0FM 
solid-state relay is designed for ac, bidi- 
rectional, and high-voltage de switching 
in military applications. The unit fea- 
tures 500V rms I/O isolation; switching 
capability is 10A at 150V for ac ap- 
plication. The current rating is 15A in 
de service. The relay employs power 
FETs for the output and has an on- 
resistance of 0.10. It’s available 








Advantages of 
Wickmann Sub-Miniature Fuses: 


@ taped on reels for automatic 
insertion 

@ space Saving types 

e with international approvals 

@ universally acceptable 

e@ shock- and vibration proof 


@ low voltage drop 
A mark 
of safety 


| Name: 


Company: 


Postbox 2520 - D-5810 Witten 6 - Tel.02302/66 20 - Fax02302/662219 
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simultaneously. 


Cut out, stick on and send to us’ 


lower price. 
Call for our free 


Interface Handbook: 
1-800-553-1170 


PC-AT is a registered trademark of IBM Corp. 








| WSB-100 Waveform Board: 


-20MHz/32K 


$1290 





The WSB-100 waveform synthesizer offers speed and 
memory at a price that’s half what you’d expect to pay. 
With its analog module, the WSB-100 becomes a 
12-bit waveform board for the PC-AT and compatibles 
that can be used in a wide range of testing and control 
applications. Multiple boards can be connected to 
store longer waveforms or to run several waveforms 


Optional modules enable the WSB-100 to act as a 
digital pulse generator or 16-bit word generator. 
A 10 MHz/32K configuration is available at an even 


662 Wolf Ledges Parkway 
Akron, OH 44311 
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State, 12525 Daphne Ave, Hawthorne, 
CA 90250. Phone (218) 777-0077. 


provides servo control for both brush 
de motors and brushless ac/de motors; 
it’s available in 500 and 1000W versions. 











Wow! Specmaster lets you look up, 
look at and print full-text vendor 


catalogs, Mil-Specs and industry 
standards in seconds on CD-ROM. 


The Specmaster vendor 
catalog file of over 10,000 sup- 
plier catalogs on 47 discs is 
indexed by a quarter-of-a-million 
product terms. This allows you to 
go directly to the page for an item 
in an 800-page catalog. 

All you need to use 


Specmaster is an IBM AT or 
compatible 286 PC with 640K 


RAM and DOS 3.1 or later. You 
can network Specmaster on a PC- 


LAN including DecNet/PCSA. 
Call 800-638-8094 


for more information or a free live 
demonstration of Specmaster. 


Outside USA call 301-590-2300. 


Using Specmaster, you can 
locate and produce a copy of a 
Mil-Spec or vendor catalog page in 
less time than it takes to find it on 
microfilm. 

It's easy to see why more and 
more standards users are switching 
to Specmaster. 

Fast. Easy to use. Versatile 
(you can quickly do complex 
searches that take hours on 
microfilm with paper indexes). And 
larger subscribers are using 
Specmaster with money-saving 
networks. 

Specmaster files include the 
50,000 DOD-listed Mil-Specs, Mil- 
Stds, QPLs, handbooks, etc. 
(updated weekly) and industry 


standards: AIA/NAS, ASTM, Si aeectlaactc 
SAE, ASME (codes and standards) Soh) Saag 
and AWS. SSIPilisziiscre 


1200 Quince Orchard Bivd., Gaithersburg, MD 20878 
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screened to W and Y levels of MIL-R- 
28750. $120 (OEM qty). Delivery, stock 
to eight weeks ARO. Teledyne Solid 


Circle No. 380 


Servo controller /driver. The AMC2200 


The device is protected against over- 
voltage caused by regenerative braking 
with high inertia loads. Onboard LEDs 
display status. Unit efficiency equals 
95% min. The controller/driver operates 
with a single 12V supply plus bus volt- 
age. $295 (10) for a 500W version. Ad- 
vanced Motion Controls Inc, 518 
Water St, Princeton, WI 54968. Phone 
(414) 295-3500. FAX (414) 295-3504. 
Circle No. 381 


Miniature transformers. These trans- 
formers are designed for use in T3 and 
K3 interface circuits. They are also suit- 
able for use in the STS-1 applications 
operating at 51.84 Mbps—the lower 
echelon of SONET. The units are avail- 
able in through-hole and surface-mount 
versions. They operate over a —40 to 
+ 65°C range and feature 1500V rms 
isolation. $2.25 (1000). Pulse Engi- 
neering Inc, 7250 Convoy Ct, San Di- 
ego, CA 92111. Phone (619) 268-2400. 
FAX (619) 268-2515. Circle No. 382 





VME backplanes. These backplanes 
are available in versions with 3 to 21 
slots. Each slot features inboard termi- 
nation. The units employ an 8-layer con- 
struction. Three signal layers are 
spaced so as to minimize crosstalk prob- 
lems. The planes feature distributed 
power bugs. $935 for a 21-slot J1-J2 
unit. Elma Electronic Inc, 41440 
Christy St, Fremont, CA 94538. Phone 
(510) 656-3400. FAX (510) 656-3783. 
Circle No. 383 


PGA sockets. Series MD PGA sockets 
are available in five grid sizes ranging 
from 11X11 to 17x17. Molded stand- 
offs improve soldering. The insulators 
are compatible with vapor-phase and IR 
reflow soldering operations. All con- 
tacts are rated for 3A. Operating range 
spans —55 to +125°C. $0.01 to $0.018/ 
line (OEM qty). Mark Eyelet Inc, 63 
Wakelee Rd, Wolcott, CT 06716. Phone 
(203) 756-8847. FAX (203) 755-9410. 
Circle No. 384 


EDN-NEW PRODUCTS 
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Power supplies. Series FLU4-150 
units are 150W, quad-output, open- 
frame switching power supplies. Five 
models provide primary outputs of 5V 
and secondary output combinations of 
5, 12, 15, and 24V. All outputs are fully 
isolated; primary outputs are +5% ad- 


justable. The supplies have an 
autoranging input range of 90 to 265V. 
The series offers indefinite short-circuit 
protection, soft start, overvoltage pro- 
tection, and a 32-msec holdup time with 
a 115V input. $189. Power General, 152 
Will Dr, Canton, MA 02021. Phone (617) 
868-6216. FAX (617) 868-3215. . 

Circle No. 385 


Tubular solenoids. L-10 Series tubu- 
lar solenoids produce as much as 208 
ounces of force. The units are available 
in two lengths—1.125 and 2 in.—and 
push and pull operating types. Both 
types are available with 6, 12, 24, or 
110V de coils. Power ratings range from 
5W continuous to 100W pulse duty. $8 
(OEM qty). Delivery, six to eight weeks 
ARO. Liberty Controls Inc, 500 
Brookforest Ave, Shorewood, IL 604385. 
Phone (815) 725-2241. FAX (815) 725- 
6571. Circle No. 386 


Switch with TTL-compatible driver. 
The VSW-2-50DR device is a 3-nsec, 
GaAs, spdt reflective switch with a 
built-in TTL-compatible driver housed 
in a hermetic ceramic-metal package. 
The unit operates over a de to 5-GHz 
range with a 1.3-dB insertion loss. Iso- 
lation at 5 MHz is 80 dB. The 500 unit 
operates over a —55 to +85°C range 
and consumes 120 mW. $42.95. Mini- 
Circuits, Box 350166, Brooklyn, NY 
11235. Phone (718) 934-4500. FAX (718) 
332-4661. TLX 6852844. Circle No. 387 


LED arrays. Series 5682F and 5684F 
arrays feature two and four T-1 LEDs, 
respectively. The units are available in 
a variety of models—low-current (2 





Clear Out Excess Inventory! 


Earn Tax Benefits Up To 200% Of Cost. 


, What do over a thousand companies like General 
* Electric, Verbatim and Forney know about donating 
excess materials and equipment that I should know? 
Your donations could qualify as a tax benefit up to 

- 200% of cost under IRS 170(e) (3). 


. Who could possibly need my excess parts, 

* assemblies, complete products and 
office supplies? 
A , Thousands of students and teachers in 

- local school systems, as well as 
community, technical and four-year colleges need 
metal, electric, electronic parts and supplies for training. 
























Q - Where do non-profits get them? And how? : 
A We have six warehouses around the country where school systems, 
- colleges and social service non-profits come in and select what they need. 





- Can my company get the tax benefit this quarter? 
A _ Absolutely. We can clear out your excess inventory quickly because of our warehouses. 
« So why wait till year end to think about your bottom line. 








Call or write today and we'll reply within 48 hours. 
Company/College 


Gift-In-Kind Clearing House 


P. O. Box 850 Davidson, NC 28036 704/892-7228 Fax 704/892-3825 
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The High-Tech 
Weight Loss System. 


There are weight loss programs for the average 
individual. And then there’s NordicSport™ Ski, 
from NordicTrack. The high-tech, world-class 
way to lose weight and keep it off. For good. 


Weight loss never felt so good. Our state-of-the-art 
graphite construction allows the NordicSport™ Ski 

to move and react to your body's motions, to provide the 
most authentic sport simulation for the most vigorous total- 
body workout. It’s a ski motion so smooth, so real, so 
challenging—you'll hardly notice the snow is missing. 

And you'll burn up to 1,100 calories per hour according to 
fitness experts. That’s more than you would on exercise 
bikes, stairclimbers or treadmills. You'll burn fat and 
increase lean muscle tissue, raise your metabolism and 
tone your entire body in as little as 20 minutes, 

three times a week. 

Experience NordicSport™ Ski. The one weight loss progre 
you can stick to, succeed at, and enjoy. 


Call today for a 30 day in-home trial! 


nordic sport. 


by Nordicfrack 


For a FREE VIDEO 1-800-445-2231 


sce 
hit 


ext. 
83TD2 
NordicTrack, Dept. #83TD2, 141 Jonathan Blvd. N., Chaska, MN 55318 


© 1992 NordicTrack, Inc., ACML Company ¢ All rights reserved. 
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ECL Standard Logic 
Wide range of high-speed, high-performance 





Digital Audio 


ECL logic devices. Low cost and design simplicity. neon bani einai 
technology. Compact design. Small 
: enso package. Capable of CD-ROM 
The CCD technology that led interface. 
to Sony’s leadership in color video 


cameras ts now available to you. 


<> BONY 
— ~CXK581020SP-35 








Interactive Video 





me Pee Pee eeer es Sony’s A/V IC leadership 
ee | applies directly to new multimedia 
“= e systems. Superwr bipolar linear 
‘High S peed SRAMs | | technology in encoder/decoder 
Broad ‘uml covers all your fast-processor | ual ” ECL Gate Arrays 
cache-memory requirements. Super hash -speed operation combined 
with low power consumption and 
extensive I/O interfaces. 








State-of-the-art performance, 





1: Meg SRAMs reliability and uniformity. Ideal 
Largest, most diverse famtly in ee when low notse ts critical. 
the industry. The first products scheduled to STRAM 
come from our new San Antonio fab. High speed performance, self timed 
RAM with register synchronous SRAM. 





ya Converters 






A/D Converters 
18 models including the world’s 
Fastest. Fewer pins, smaller 
packages, low power consumption, 
and guaranteed low error rates. 





High speeds to 500 MHz, Wide aang? range, high 

low giitch energy, and low power — reliability, huge selection. Ideal 

consumption in very small packages. Sor optical disk, laser printer 
and microsurgery designs. 





ee 





If you can’t get the parts you need, you can’t get 
your best designs out the door. 

And that’s where we can help. With complete families 
of semiconductors like these. The same components that 
have made Sony’s consumer electronics so successful. 

Perhaps more important, we're always here to help. 
With a design center to help develop your applications 
through production. 


With a service department to answer your questions 
and expedite your orders. 

And with world-class manufacturing, including new 
facilities in San Antonio, Texas, to produce the technology 
you'll need in 1992 and beyond. 

Let Sony semiconductors bring glory to your products. 
Call us today at (714) 229-4331, FAX (714) 229-4285. 

In Canada (416) 499-1414, FAX (416) 499-8290. 


SONY. 


Sony Corporation of America, Component Products Company, 10833 Valley View Street, Cypress, CA 90630. 
Sony Canada, 411 Gordon Baker Road, Willowdale, Ontario M2H 2S6. 


Sony is a registered trademark of Sony Corporation.Prices and specifications are subject to change without notice. The purchase of products is subject to availability and Sony’s standard terms and conditions of sales. 
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mA) versions with built-in resistors for 
5 and 12V operation, red-green bicolor 
models, or with high-brightness red, 
green, yellow, amber, and blue LEDs. 
The black thermoplastic housings carry 
a UL 94V-0 rating. From $0.96 and 
$1.80 for dual and quad arrays, respec- 
tively. Delivery, stock to six weeks 
ARO. Industrial Devices Inc, 260 Rail- 
road Ave, Hackensack, NJ 07601. 
Phone (201) 489-8989. FAX (201) 489- 
6911. Circle No. 388 


Inductors. These conformally coated 
inductors are available in four package 
sizes—4.5-mm EC22, 10-mm EC24, and 
14-mm EC36 and EC46. Inductance val- 
ues range from 0.1 wH to 82 mH. Values 
down to 0.022 wH are available on spe- 
cial order. Standard tolerance equals 
either 10 or 20%. $0.042 (25,000). 3L 
Global Electronics, 2915 Anvil St N, 
Saint Petersburg, FL 33710. Phone 
(818) 348-2679. FAX (813) 343-4410. 
Circle No. 389 





P-channel MOSFETs. TP25D family 
P-channel MOSFETs are available in 
SOT-89 and SOT-92 packages as well 
as die form. They have a 2.4V max gate 
threshold voltage and drain-to-source 
breakdown levels of 350 and 400V. 
Drain-to-source on-resistance equals 
252 max. TN2540N8 SOT-89 unit, $0.69 
(1000). Delivery, stock to six weeks 
ARO. Supertex Inc, 1350 Bordeaux Dr, 
Sunnyvale, CA 94089. Phone (408) 744- 
0100. FAX (408) 784-5247. Circle No. 390 


Digital panel meters. The A-3000 
Series digital panel meters (DPMs) con- 
sist of a basic chassis that incorporates 
the digital display, operational cir- 
cuitry, and power supply. Users can 
plug input-circuit modules into this ba- 
sic chassis to measure de current or 








BEYOND 
EXPECTATION 


8051/52 » 8096/196 


No two emulators run the same. The trick is SIGNUM also has the Intel 8048, Zilog Z8 
to get the best functionality you can for your and Super-8,Texas Instruments DSP, the 
investment. With the SIGNUM 8051 family in- | 8051/52 (from AMD, Siemens and Signetics), 
circuit emulator you get even more... youget: | and more chips covered. 


Outstanding price/performance So, don't just look at in-circuit emulators. 
Easy window interface & flash download The only way to truly test an emulator is to use 
Free user support it. Call for your own free trial and demo disk. 


C and PL/M debuggers You owe it to yourself to find how much 
Local variable support emulator you can really get for your money. 


512K Mappable emulation RAM with 10 DAY FREE TRIAL 
256K H/W breakpoints 
Break on register ranges SIGNUM SYSTEMS 


Program & external data access on the fly | 171 East Thousand Oaks Blvd. 
Bank switching Thousand Oaks, CA 91360 
Info. Tel: (415) 903-2220 FAX: (415) 903-2221 


Distributors Wanted 
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262, 144 Colors 


Pe form ls(aas 


¢ Pixel Replicate™ — 
e Nibble Mode 
eVGA/SVGA — 

© 8514/A 

e XGA™ 


MUSIC's graphics color palettes are fine-tuned for your graphics subsystem 
applications. MUSIC gives you the sharpest graphics and truest colors available 
at the lowest cost. So whether you're designing desk-top computers, graphics 
add-in cards, low-power laptops or multi-media systems, contact MUSIC 
semiconductors, The Specialty Memory Company. For your Free design kit 

call: USA 1-800-788-MUSIC (6874), 

Europe +31-45-467878, Asia 63-2-816-2477 
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_ THIS YEAR'S HARVEST HAS 
YIELDED SOME COLORFUL RESULTS 
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LIKE THE NEW SPECTRUM SERIES, 
THE MODULAR DESIGN THAT OFFERS 
AN ARRAY OF STANDARD FEATURES INCLUDING PFC. 


Astec introduces a new high power product of unmatched versatility and value. Its compact footprint 
and standard PFC front-end make the Spectrum Series compliant with IEC 555-2 while bringing 
significant space savings to countless designs. With up to 12 outputs plus a full range of output 
currents and voltages, Spectrum will accommodate any configuration of power between 500 and 2000 
watts. 

Many features, considered options in the industry, are standard in the Spectrum Series, including 
current share, remote sense, voltage adjustment, margining, power fail and level A EMI filtering - all at 
no additional cost. 

Standard modules are stocked for fast delivery. To reap the many benefits from Astec's new 
Spectrum Series, call the toll free number below. 


ASTEC STANDARD POWER 
Division of Astec America, Inc. 
401 Jones Rd. 


Oceanside, CA 92054-1216 
Telephone: 619-757-1880 F H 
ASTEC Facsimile: 619-439-4243 For Literature or Information 
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Test & Measurement Instruments 


voltage, ac average voltage or current, 
ac true rms voltage or current, fre- 
quency, and ohms. Users can also con- 
figure the unit to serve as a thermocou- 
ple monitor, temperature detector, 
process monitor, or strain gauge. Basic 
chassis, $141; input modules, $32 to 
$154. Selco Products Co, 7580 Stage 
Rd, Buena Park, CA 90621. Phone (800) 
257-3526; (714) 521-8673. FAX (714) 739- 
1507. Circle No. 391 


Transistors. The LS-311 npn and LS- 
351 pnp dual transistors are surface- 
mount devices characterized for low 
noise and matched for current gain and 
Vix. Current gain ranges from 150 to 
2000 for LS-311 versions and from 150 
to 500 for LS-351 models. $1.87 (1000). 
Linear Integrated Systems Inc, 3108 
Milpitas Blvd, Milpitas, CA 95035. 
Phone (408) 263-8401. Circle No. 392 





Switches. These key switches are 
available in two families—700 Series 
and 720 Series. The 700 Series has con- 
tact ratings of 30V ac at 10 mA. Operat- 
ing range spans 20 to 85°C. Series 720 
switches are rated for 20V at 50 mA 
and operate over a —10 to +85°C 
range. Maximum life times are 3x 10° 
and 10° operations for 700 and 720 units, 
respectively. Series 700, $0.38; Series 
720, $0.22 (1000). Delivery, stock to 
eight weeks ARO. Mepcopal, 11468 
Sorrento Valley Rd, San Diego, CA 
92121. Phone (619) 458-0332. FAX (619) 
481-1123. Circle No. 393 


DC/DC converters. The PKA 2323PI 
and 2325PI converters offer dual float- 
ing outputs of 12 or 15V. Power output 
is limited to 30W. The converters pro- 
vide a full power output over a — 45 to 
+ 85°C range. Input-output isolation 
equals 500V de. $98 (250). Ericsson 
Components Inc, 403 International 
Pkwy, Richardson, TX 75085. Phone 
(214) 669-9900. Circle No. 394 








High-speed Backplanes VXI Intelligent Mainframe® 





Monitoring Modules aa 
exe x08) Development Systems System Packaging 


Get expert help in system packaging. 


¢ VMEbus = * Good ideas that add efficiency» Superb craftsmanship at fair prices. 
° VXIbus and value to your design. ¢ 20 years of experience in electronic 
¢ Fast response - quotes and CAD packaging. 
*Multibus If drawings in days, not weeks. 
© PC/AT ¢ Intimate knowledge of interna- — Call 1-800-848-4525. 
tional standards and safety Tracewell Enclosures, Inc., 
*Futurebus + — regulations. 567 Enterprise Drive, Westerville, 
Ohio 43081. Fax: 614-846-4450 


TRACEWELL 
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,'S FIFOs offer from 512 through 4096 nine-bit word 
packages and easily expand using minimal external logic witt a 
“in performance. So whether your application is high-performance data buffers 
LANs/WANSs, data compression/decompression, or DSP, contact MUSIC 
Semiconductors, The Specialty Memory Company. For your FREE design kit 
call: USA 1-800-788-MUSIC (6874), 
Europe +31-45-467878, Asia 63-2-816-2477 
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LAST SEPTEMBER, So MILLION PEOPLE 


DESPERATELY WANTED A DEMONSTRATION OF 
OUR FINEST LOGIC ANALYZER. 








Only one logic analyzer could have brought the most crippling communications failure in U‘S. history to a swift conclusion. 
The new DAS/SE from Tektronix. With 200 MHz synchronous clocking, thousands of cycles of memory depth, and literally 


hundreds of channels, the DAS/SE is without question the fastest and most powerful logic analyzer around. And with 11 







different stimulus & acquisition modules, it can be configured to solve any of your digital debug 
problems. For a personal demonstration, call Tektronix today and ask about the DAS/SE. The logic 


analyzer that could very well prevent another banner year. TALK 10 TEM/1-800-426-2200 EXT. 73 


Tektronix 
Test and Measurement 


All product names, brands, and trademarks are trademarks of 
57W-188398 Copyright © 1992, Tektronix, Inc. CIRCLE NO. 135 their respective owners. Newspaper headlines are simulated. 
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IEEE-488.2 interface. The Personal 
488/MM is an IKEE-488.2 interface 
board for Ampro’s miniature IBM PC- 
compatible computers. The board, a so- 
called Minimodule, plugs into the PC 
and matches its 3.6 x 3.8-in. form factor. 
Versions of the PCs, which are intended 
for embedded-control applications, run 
several operating systems, including 
MS-DOS, PC-DOS, DR-DOS, MS-Win- 
dows, Interactive Systems Unix, and 
SCO Unix. To support the varied needs 
of embedded-system developers, the in- 
terface vendor offers a variety of soft- 
ware drivers. $395. IOtech Inc, 25971 
Cannon Rd, Cleveland, OH 44146. 
Phone (216) 439-4091. FAX (216) 439- 
4098. Circle No. 405 





Futurebus+ interface for logic 
analyzers. The 92DM911 is a Future- 
bus+ interface package for the vendor’s 
DAS 9200 logic-analysis systems. The 
package, which interfaces with the bus 
via a single-slot 12-system-unit card, re- 
quires that you equip the analyzer with 
two of the firm’s Centurion cards. The 
system performs bus-based timing 
analysis at 100 MHz and, even with 128- 
bit data paths, acquires state informa- 
tion on all three phases of every bus 
transaction in real time. The data dis- 
play uses Futurebus+ mnemonics. 
$9950; analyzer equipped to work with 
the package, less than $58,000. Deliv- 
ery, eight weeks ARO. Tektronix Inc, 
Test & Measurement Group, Box 1520, 
Pittsfield, MA 01202. Phone (800) 426- 
2200. Circle No. 406 


Safety-test unit. The STU 120/240 
performs electrical-safety tests on 50- or 
60-Hz ac-line-operated equipment that 
draws as much as 24A at 120V or 16A 
at 240V. The unit, which requires no 
calibration, measures leakage current 
and 25A ground continuity; it also meas- 
ures rise of resistance. Interlocks pre- 
vent improper operation, and circuit 
breakers safeguard the unit. $24,995. 
Compliance Plus, 325 Ayer Rd, Har- 
vard, MA 01451. Phone (508) 772-2278. 

Circle No. 407 
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Mixed-signal system. The mixed- 
signal ATS system characterizes, ana- 
lyzes, and debugs mixed-signal ICs and 
multichip modules—especially digital- 
intensive modules; modules that have 
clock speeds in hundreds of MHz; and 
modules that must be tested using DSP 
techniques. The system, which handles 
data rates as high as 400 Mbps/channel 
and provides 100-psec timing accuracy, 
can contain analog instrumentation that 
operates to 1 GHz. A 224-pin configu- 
ration with 400-MHz digital and 600- 
MHz analog capability, $630,000. Inte- 
grated Measurement Systems Inc, 
9525 SW Gemini Dr, Beaverton, OR 
97005. Phone (503) 626-7117. FAX (503) 
644-6969. Circle No. 408 


Keypad-programmable dc power 
supplies. The DPS series includes four 
members having maximum outputs of 
12.5, 25, 40, and 125V. Output power 
is approximately 80W at full voltage. 
All outputs are adjustable to zero. To 
improve resolution and increase output 
current, the first three units have a low 
range in which the maximum voltage 
is about 40% of that on the high range. 
The 3-digit displays indicate the voltage 
and current. $429. Kepco Inc, 131-38 
Sanford Ave, Flushing, NY 11352. 
Phone (718) 461-7000. FAX (718) 767- 
1102. TWX 710-582-2631. Circle No. 409 


14-bit PC or Macintosh-compat- 
ible spectrum analyzer. The R380 
acquires as many as 100 ksamples/sec. 
It has two channels, a dynamic range 
of 85 dB, and a 16k-word buffer for each 
channel. It performs FFTs to 8k points. 
$1995. Rapid Systems Inc, 403 N 34th 
St, Seattle, WA 98103. Phone (206) 547- 
8311. FAX (206) 548-0322. TLX 265017. 

Circle No. 410 


12-bit waveform-acquisition board 
for ISA bus. The 4-channel R1222 sys- 
tem has differential inputs, five pro- 
gerammable gain ranges, 1M word of 


memory, and a single ADC with a maxi- 
mum acquisition rate of 2 Msamples/sec. 
A PC can host eight of the units. $4995. 
Rapid Systems Inc, 403 N 34th St, Se- 
attle, WA 98103. Phone (206) 547-8311. 
FAX (206) 548-0322. TLX 265017. 

Circle No. 411 


High-speed download option for 
ICEs. The UEM series parallel option 
($500) allows downloading programs to 
the vendor’s in-circuit emulators (ICEs) 
at 25,000 bytes/see—more than twice 
the speed of the fastest serial connec- 
tions and more than 10 as fast as the 
serial connections used by most emula- 
tors. Downloading a 1-Mbyte program 
takes 40 sec. The emulators support the 
68000, 68302, 80186/188, and Z180 fami- 
lies. Softaid Inc, 8300 Guilford Rd, Co- 
lumbia, MD 21046. Phone (800) 433- 
8812; (410) 290-7760. FAX (410) 381- 
3253. Circle No. 412 





Signal injector for LAN and tele- 
com wiring. The $195 TMT-10 signal 
injector works with the vendor’s TMT-1 
LAN system tester. Together, the in- 
struments let you test and certify LANs 
that use unshielded twisted-pair wiring. 
The instruments first test the network 
wire on its spool. Then they perform a 
6-function test on the installed wiring. 
An optional printer provides a certifica- 
tion printout. $2745 for both units. 
Beckman Industrial Corp, 3883 Ruffin 
Rd, San Diego, CA 92123. Phone (619) 
495-3200. FAX (619) 268-0172. TLX 
249031. Circle No. 413 


Deep-memory plug-ins for fast- 
sampling DSO. The 7234 unit is a 4- 
channel plug-in for the vendor’s 7200 
modular DSO (mainframe, $17,000). 
The plug-in unit ($19,500 with its long- 
memory option) can store 1 million 
points on one channel, 500,000 points 
on each of two channels, or 200,000 
points on all four channels. The unit 
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takes 200 Msamples/sec on each chan- 
nel. The 7242B 2-channel plug-in 
($22,900 with long memory) lets you 
configure the DSO with four simultane- 
ous-sampling 1-Gsample/sec channels, 
each having 1M word of memory. 
LeCroy Corp, 700 Chestnut Ridge Rd, 
Chestnut Ridge, NY 10977. Phone (800) 
553-2769; (914) 425-2000. FAX (914) 
425-8967. TWX 710-577-2832. 

Circle No. 414 





Surface-plotting package for 
Labview. Surfaceview comprises a set 
of virtual instruments for National In- 
struments’ Labview data-acquisition 
software, which runs on Apple Macin- 
tosh PCs. The package, which plots 
gridded data at regular or irregular X 
and Y intervals, lets you control the 
viewpoint, color, grids, and other pa- 
rameters from the Labview block dia- 
gram. $250. Metric Systems, 1506 
Taron Dr, Round Rock, TX 78681. 
Phone (512) 388-4458. FAX (512) 244- 
7203. Circle No. 415 


Variable-resolution ADC board 
for ISA bus. The VF900 board uses a 
V/F converter and can digitize an ana- 
log signal with a resolution of 10 to 18 
bits. It has four differential inputs and 
provides programmable gain. The board 
also has 16 digital I/O lines and a 12-bit 
DAC. It makes 1000 conversions/sec at 
10 bits, 30 conversions/sec at 15 bits, 
and 4 conversions/sece at 18 bits. $495. 
Real-Time Devices Inc, 820 N Univer- 
sity Dr, State College, PA 16803. Phone 
(814) 234-8087. FAX (814) 2384-5218. 
Circle No. 416 


Data-acquisition software with 
movie display. Labview 2 data- 
acquisition software—a graphical-lan- 
guage compiler that lets you automate 
experiments without conventional pro- 
gramming—can now display Quicktime 
“movies.” For example, if a test fails, 
you can have the software display mov- 
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ing images that show an operator what 
steps to take. $1995. National Instru- 
ments Corp, 6504 Bridge Point Pkwy, 
Austin, TX 78730. Phone (800) 433-3488; 
(512) 794-0100. FAX (512) 794-8411. 
Circle No. 417 


Emulator for 80186/88EA and XL. 
The 186EA/XL UEM in-circuit emula- 
tor includes an 8 or 16-bit emulator with 
131,072 hardware breakpoints that you 
can nest to a depth of five levels. Also 
included is a source-level debugger that 
couples real-time-performance analysis 
results to your C source code. You can 
specify areas of memory as read-, write-, 
and fetch-protected. $7500. Softaid 
Inc, 8300 Guilford Rd, Columbia, MD 
21046. Phone (800) 483-8812; (410) 290- 
7760. FAX (410) 381-3253. Circle No. 418 


Receiver for GPS frequency and 
time data. The GPStar 5-channel mul- 
tiplexed receiver simultaneously re- 
ceives time and frequency information 
transmitted by five Global Positioning 
Satellites. According to the vendor, the 
unit, which produces universal time 
codes with 100-nsec accuracy, provides 
atomic-clock accuracy at a price that is 
40% below that of competing products. 
$3995. Odetics, 1515 S Manchester Ave, 
Anaheim, CA 92802. Phone (714) 774- 
5000. FAX (714) 774-9432. Circle No. 419 


4000-count bar-graph DMMs. The 
D981, a handheld unit with '4-in. LCD 
numerals, has five de voltage ranges 
from 400 mV to 1 kV, four ac voltage 
ranges, and five frequency ranges to 1 
MHz. It also measures temperature, re- 
sistance to 40 MQ, ac and de current 
to 10A, and capacitance to 40 pF. The 
D927 has fewer ranges but has an un- 
fused 20A current range. D981, $130; 
D927, $69. Protek, Box 59, Norwood, 
NJ 07648. Phone (201) 767-7242. FAX 
(201) 767-7348. Circle No. 420 


DC-to-26.5-GHz power and volt- 
age meter. The URV 35 level meter 
operates from ac or batteries. By com- 
bining it with any of a range of probes 
and sensors, you can adapt it to signals 
of varying levels and frequencies. The 
instrument provides both analog and 
digital displays. $2310 plus RF head, 
Delivery, eight weeks ARO. Rohde & 
Schwarz Inc, 4425 Nicole Dr, Lanham, 
MD 20706. Phone (301) 459-2810. FAX 
(301) 459-2810. TWX 510-223-0414. 
Circle No. 421 


Pattern-matching software. MS- 
DOS-based Genmatch software applies 
pattern-recognition techniques to com- 
plex frequency and time measurements. 
The vendor provides both a stand-alone 
version and a set of libraries that you 
can link into C programs. You define a 
nominal signal and provide tolerances 
for features or segments. $3500. Genias 
Corp, 2006 Woodrun SE, Lowell, MI. 
49331. Phone (800) 443-6427; (616) 897- 
5252. FAX (616) 897-0306. Circle No. 422 


84-pin PLCC to 28-pin DIP adapt- 
ers for Mach 130 and 230. The 2- 
in.-square 84PL/28D6-ZL and ZAL- 
MACH130 let IC programmers de- 
signed to accommodate DIP devices 
program these AMD yP chips. There 
are two types of replaceable sockets—a 
clamshell type that accommodates 
LCCs and plastic leaded chip carriers 
(PLCCs) and an auto-eject socket for 
PLCCs. ZL version, $200; ZAL ver- 
sion, $155. EDI Corp, Box 366, Patter- 
son, CA 95363. Phone (209) 892-3270. 
FAX (209) 892-3610. Circle No. 423 





RF bar-graph frequency counters. 
The pocket-size 15-BG and 35-BG are 
sensitive RF detectors as well as count- 
ers with 8-digit LED displays. The first 
unit operates from 1 MHz to 1.5 GHz; 
the second, from 1 MHz to 3.5 GHz. 
You can choose among three gate times. 
With the longest gate (25 sec), the units’ 
resolution is 10 Hz. The 3.43.8 x 1-in. 
units operate from three to five hours 
from rechargeable NiCd battery packs. 
15-BG, 1.5-GHz unit, $220; 35-BG 3.5- 
GHz unit, $265. Startek International 
Inc, 398 NE 38th St, Fort Lauderdale, 
FL 33334. Phone (305) 561-2211. FAX 
(305) 561-9133. Circle No. 424 
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Handwriting recognition. Coup-de- 
Plume (stroke of the pen) is software 
that recognizes handwritten characters. 
It is part of a family of products for 
implementing pen-based applications. 
The supplier claims that the software 
recognizes discrete characters and cur- 
sive script words, independent of the 
style of the writer. $189. J H Shannon 
Associates Inc, Box 597, Chapel Hill, 
NC 27514. Phone (919) 929-6863. 

Circle No. 395 


Speaker-design software. CAL- 
SOD 2.50 helps design and optimize 
loudspeaker systems. It simulates the 
sound pressure and impedance response 
of individual loudspeaker drivers. It 
works with multiple drivers and in- 
cludes a circuit optimizer for crossover 
networks. AU$449. Audiosoft, 128 
Oriel Rd, West Heidelberg 3081, Mel- 
bourne, Australia. Phone/FAX (8) 497- 
444}. Circle No. 396 


Filter-design software. Filter Pro is 
a software package for active-filter de- 
sign. It comes on a 5//-in. floppy disk 
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and includes programs that help design 
filters using the supplier’s UAF42 uni- 
versal active-filter IC. Separate pro- 
grams help with Sallen-Key lowpass fil- 
ters; multiple-feedback, lowpass filters; 





and state-variable lowpass, highpass, 
bandpass, and band-reject (notch) fil- 
ters. Free of charge. Burr-Brown 
Corp, Box 11400, Tucson, AZ 85734. 


Phone (602) 746-1111. Circle No. 397 


PLD/FPGA design converter. The 
Mine/Viewdraw interface links Viewlo- 
gic’s Viewdraw schematic-capture sys- 
tem with Minc’s PLD and FPGA de- 
sign-synthesis tools. You create a 


schematic with Viewdraw using a 
special library provided with Minc’s 
PLDesigner and PGADesigner tools; 
Viewdraw then creates an EDIF 2 0 0 
netlist to be read by PLDesigner or 
PGADesigner. The interface is a stan- 
dard feature in PLDesigner Systems 
500, 5000, 400, 700, and 7000; it’s an 
option in Systems 200 and 300. $450. 
Mine Inc, 6755 Earl Dr, Colorado 
Springs, CO 80918. Phone (719) 590- 
1155. Circle No. 398 


Mathematical-analysis software 
for Windows. Mathematica 2.0 soft- 
ware for technical computing is now 
available for Windows. It contains two 
parts: a kernel, which performs compu- 
tations, and a front end, which handles 
interactions with the user. The front 
end takes advantage of Windows capa- 
bilities; it provides interactive docu- 
ments, known as notebooks, in which 
text, graphics, annotations, and sound 
ean be mixed with mathematical input. 
$995; upgrades from DOS versions, 
$125. Wolfram Research Inc, 100 
Trade Center Dr, Champaign, IL 61820. 
Phone (217) 398-0700. Circle No. 399 
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~CONNECTORS FOR 
VIDEO APPLICATIONS 











m@ Range of products comprising: 


1S Senies 






ry iL 43 + ¥, 16, 1992 
LAS VEGAS CONVENTION CENTER 





™@ Impedance: 75 Ohms 

m@ Frequency: up to 2 GHz 

M@ Self-latching system Push-pull LEMO® 

™@ Connectors for crimping assembly for cables RG-59B/U, 
RG-179B/U, RG-6A/U and equivalent 


- Adapter BNC with microswitch guaranteeing allowing the termination of 


- Custom specified patch panels 


LEMO P.O. Box 194 CH-1024 Ecublens_ Tel: +41/21/691.16.16 Fax: +41/21/691. 16. 26 


the unused line at its characteristic impedance 
- Fixed socket with microswitch 
- Bridge plug with or without monitoring socket 
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Software for testing X-Windows- 
based software. X Runner generates 
programmable test scripts, automates 
test execution, and records test results 
for quality-assurance testing of X- 
Windows-based software. It runs on 
SPARCstations under Unix or X 
Windows and supports both Motif and 
Open Look. Configuration D provides 
full development and automated exe- 
cution; configuration E supports test 
execution only. Basic configuration 





Why Do So Many Engineers Specify 
Keeper II* Lithium Batteries? 
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(two D and three E licenses), $35,000. 
Mercury Interactive Corp, 3333 Octa- 
vius Dr, Santa Clara, CA 95054. Phone 
(408) 987-0100. Circle No. 400 


Software for viewing engineering 
drawings. Hyperview 3.0 allows rapid 
viewing of both CAD-generated and 
scanned paper drawings. Running on 
DOS or VAX VMS X Windows, it can 
quickly zoom to any part of large engi- 
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Because Board Space Is Too Valuable To Waste 


A: Eagle-Picher, we don’t think you should have to 
compromise valuable circuit board space simply because some 
battery manufacturer elected to make round batteries. 

Electronic circuit board “real estate” is becoming increasingly 
valuable. Consequently, engineers are faced with more complex 
decisions regarding their back-up power source. Keeper II’s unique 
prismatic configuration provides effective utilization of board space 
with maximum energy density characteristics. 

Packaged the way circuit board components were meant to be, the 
Keeper II has been proven highly dependable in stand-by power 
applications where years of reliable memory back-up is required. 
Eagle-Picher manufactures 100% of the Keeper products in the USA. 

So, no matter what your power requirements are, count on 
Eagle-Picher. Because Board Space Is Too Valuable To Waste. 


EAGLE|=>PICHER 


ELECTRONICS DIVISION 
Box 130 « Bethel Road « Seneca, MO 64865 
Phone: 417-776-2256 * TWX: 62864271 * FAX: 417-776-2257 
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neering drawings. A red-lining utility 
lets you mark up drawings in a separate 
“layer” with lines, arrows, boxes, free- 
hand, whiteout, and color. $695 per 
user. Techview Corp, 2500 W Higgins 
Rd, Suite 1271, Hoffman Estates, IL 
60195. Phone (708) 490-0066. FAX (708) 
490-0199. Circle No. 401 


Real-time Unix system. Aria is a 
Unix system designed for distributed 
computer systems in the real-time mar- 
ket. The initial product runs on 68030- 
based Motorola MVME147S series sin- 
gle-board computers. Versions for other 
single-board computers will be available 
later in the year. Single-copy develop- 
ment kit, $9000. Integrated Systems 
Inc, 3260 Jay St, Santa Clara, CA 
95054. Phone (408) 980-1500. FAX (408) 
980-0400. Circle No. 402 


C++ on IBM framework. AIX SDE 
Integrator/6000 integrates Green Hills 
C++ with IBM’s AIX software-devel- 
opment environment Workbench/6000 
(a framework based on Hewlett- 
Packard’s Softbench technology). It 
provides C+ + compiling and debug- 
ging on IBM RISC System/6000 work- 
stations, allowing users to take advan- 
tage of the supplier’s editor, program 
builder, static analyzer, and debugger. 
From $1400. Oasys, 1 Cranberry Hill, 
Lexington, MA 02173. Phone (617) 862- 
2002. Circle No. 403 


Software for estimating software 
costs. Costar, a software cost-estimat- 
ing tool, is for managers who need esti- 
mates of a software project’s duration, 
staffing, and cost. It allows managers 
to make preliminary estimates during 
a project’s initial definition, and then 
produce more and more accurate fore- 
casts as the project’s definition is re- 
fined. The package runs on any VAX 
system with VMS or on IBM PCs and 
compatibles. $800. Softstar Systems, 
28 Ponemah Rd, Amherst, NH 03031. 
Phone (603) 672-0987. Circle No. 404 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


THE EASY CHOICE 


Micro-Link's VME203 SBC makes your design 
choice easy. Available in several configurations, 
VME203 prices start at less than $1,025 in 100 
piece quantities. Options include 68EC030 or 
68030, FPU, 1 or 4 MB of DRAM with transparent 
refresh, burst mode Cache, up to 1 MB of EPROM, 
two RS-232 serial ports, and clock speeds of 16, 
32 and 40 MHz. VME203 software support 
includes Microware 0S-9®, CrossCode® C 
FreeForm'“ and Microbug Il. 
Micro-Link 
Call For Your Free Configuation Guide: 
1-800-428-6155 US & Canada 
1-317-846-1721 International 
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IND-286 SBC 


AT Compatible DISKLESS 
SBC Includes DOS in ROM 


Complete 16MHz 80C286 Single Board 
Computer for embedded PC appli- 
cations features a 4M-byte PROMDISK 
disk emulator with battery back-up and 
an MS-DOS 3.3 compatible disk oper- 
ating system in ROM. 
Features Include: 

() 4M-byte DRAM ( XT Size Board 
) Keyboard Port OM 80287 Socket 
4 2COM, 1LPT OO WatchDog 
( IDE Disk Port Timer 
1 4M PROMDISK =i Floppy Port 
[ 100% PC/AT Q Optional Video 

Compatible Daughter Bd. 

Other Products: 


* IND-88 PC/XT Single Board Computers 
¢ PROMDISK III & IV Disk Emulators 
* FlexScan I & II Bar Code Decoders 


a] 2.282 micro 


2598-g fortune way vista, ca 92083 
phone: 619/598-2177 fax: 619/598-2450 
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‘‘The Best 8051 Emulator’’ 


5 ft. cable 


SEE EEM 91/92 
5 4 Pages D 1300-1303 


PC based emulators for the 8051 family 

8031, 8032, 8051, 8052, 80C152/154/321/451/452/51FA/51GB/515/517/535/537/ 

552/562/652/851, 80532, 83C451/552/652/751/752/851, 8344, 87C451/552/751/ 

752, 8751, 8752, DS5000 + CMOS ... more. 

@ PC plug-in boards or RS-232 box. 

@ Up to 33 MHz real-time emulation. 

@ Full Source-level Debugger w/complete C-variable support. 

@ 64 bit wide, 256k deep trace, with time stamp. 

@ Bond-out/hooks pods for 8051, 83C552, 83C451, 83C652, 
83C751, 80C515/80C517, 83C752, 8XC51FA/FB/FC, and more. 


CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO 


51 E. Campbell Avenue | Call 408-378-2912 
Campbell, CA 95008 Nohau’s 24-hour 
FAX (408) 378-7869 


information center to 
CORPORATION (408) 866-1820 receive info via your FAX 
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UNIVERSAL PROGRAMMER, EMULATOR & TESTER 


TUP-400 $745.00 
TUP-300 $645.00 


@ New improved hardware and 
software. 

@ 7he mostcomplete PC-based Universal 
Programmer. Programs PLD (PAL, GAL, 
FPL, EPLD, PEEL, MAX, MACH. . .), E(E) PROM 
(up to 16 Mbit), Flash EPROM, BPROM, Special 
PROM, MPU (87XX, 68XX, Z8, PSD301, PIC16XX, 
TMS320EXX, UPD75PXXX, HD637XXX. . .). 

@ Covers DIP, PLCC, QFP, SOP, and PGA with 8 to 
84 pins. Gang Programming adapters 
available also. 

m@ EPROM EMULATION capability. 

@ Tests digital ICs and DRAMs (SIMM/SIP adapter 
available). 

@ Free software updates and new 
devices added upon request. 


@ IC Manufacturers’ approval. 


@ 1 year warranty, 30 day 
money back guarantee. 


CALL TODAY 
FOR MORE INFORMATION. 
Distributors are welcome! 


SIOOL S$ HIAOTIADTA 


Tribal Microsystems Inc. 
44388 S. GRIMMER BLVD. FREMONT. CA 94538 
TEL: (510)623-8859 

FAX: (510)623-9925 
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Instant Microcontroller 


TT f 
Instant C 


Instant New Product 


Use our Little Giant™ and Tiny Giant™ miniature 
microprocessor-based computers to instantly com- 
puterize your product. Our miniature controllers 
feature built-in power supplies, digital I/O, serial I/O 
(RS232 / RS485), A/D converters (to 20 bits), 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, and 
more! Designed to be easily integrated with your 
hardware and software. Priced from $159. Core 
modules as low as $59. Low cost, interactive Dy- 
namic C™ makes serious software development 
easy. 


Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 USA 
Tel: (916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916) 753-0618 
(Call from your fax, request catalog #18) 
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Best Value in the World 
for 


DAY TURN 
PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES 
| 60 | 263 | 354| 775 | 954 | 1034 | 
| 90 | 325 | 407 | 801 | 1097 | 1304 | 
M@ 5 PIECES x 1.34 
@ 10 PIECES x 1.67 


EXTRAS DISCOUNTS 
@ Photo Plotting 


= 

0 0 
@ Testing 0 0 
Wi Gold Contacts - $50 @ COD @ NET 10 

‘ @ CREDIT CARD 
W@ 25% — Below 8 Mil SALES 
FOR MORE INFORMATION CALL OR FAX 
Ken Bahl 
Sierra Circuits, Inc. 


Phone (408) 735-7137 FAX (408)735-1408 Modem (408) 735-9842 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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programmable ~ US 
PC-based § 895,09 


PAITERR 
GENERATOR 


40 MHz, 9 channels at 8KB. Connected 
to the parallel printer port of any PC. 
FREE Demo Software available. 

For more information call 
or fax us, today 


WITTIG TEST TECHNOLOGY Inc. 
P.O.Box 8162 WHITE PLAINS, N Y 10602-8162 
B (914)-948 2606 fax: (914)-948 2641 
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DR-11W USERS: 
ki. 6 e / ° 
New Fiber Optic Link 
Our new Fiber Optic Link removes 
the DR-11W’s 50 foot cable limit. We use 
advanced fiber optic technology so you 
can separate DR11-W compatible devices 
up to 2 kilometers—with no loss in system 
throughput. Our Links connect to your 
existing DR11-W interfaces with standard 
40-conductor flat cables. Join the 
two Link modules with duplex fiber 


optic cable, and your system is 
ready without software changes. 






FINALLY 


One tool to satisfy all your 
firmware development needs 










PROMICE is a universal system. 
*Develops code for any microprocessor 
*Complete, real time, source level debugging 
*Host software for DOS, Unix, Mac, VMS 
*Non intrusive on your target system 
*Simply plugs into any ROM socket 


PROMICE also supports Turbo Debugger, 


C_thru_ROM, FreeForm, GDB, and more. 
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PROMICE 


...the affordable solution. 


Grammar ie 
Engine # : os 
Inc. * ree 


TEL: (614)471-1113 
West: (415)750-0219 
FAX: (614)475-6871 









FIBER OPTIC 
LINK SYSTEM 


FIBER OPTIC 
LINK SYSTEM 








(Nl macroliink ine. 


1500 North Kellogg Drive @ Anaheim, California 92807 
Phone (714) 777-8800 m FAX (714) 777-8807 
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EP-1140 E/EPROM 
PROGRAMMER 

















SUPERPRO® 
now $699 (US only) 












PC-Based ( wel 
Universal 


Device Programmer 
Certified by IC Manufacturers 


INFINITI-PC 


« Programs most PLDs and 
memories up to 40pins 

= Menu driven device selection 
by P/N and manufacturer 

= Full screen editor for fuse 
maps and memory buffers 

® JEDEC standard vector test functions 

= New devices can be easily added by yourself 

® Self test and diagnosis for high programming 
yield 

= One year warranty and free device update 


408 / 371-4642 


2265 Bascom Ave. #20, Campbell, Ca 95008 


Super Value 
Universal Programmer 







































Include Free |!!! 
4 SOCKET ADAPTER ($125), 
or PAL COMPILER ($95), 

or EPROM ERASER ($95) 




















$895. 00 


Y Programs NEC's & Supports encryption 
27€8001, 8-Mbit EPROM = array programming for 
andall 1,2, &4-Mbit, 16 bit — microcontrollers 
EPROMs ¥ Call for a DEMO disk 
V Supports all 87C51 deriva- and literature packet 
tive Microcontrollers, includ: W Risk-free 30-day 
ing Intel's 87C51GB money-back guarantee 
VY Qualified and recom- VW Lifetime FREE soft 
mended by Intel, National | wareupdates via BBS and 
Semi and Signetics. US Mail 
















| 
@ Easy to use menu EPROM programmer 
- ih ay ROM MASTER : $149 
niversal programming 
for Flash E(E)PROM, LOW cost 
Bipolar PROM, PAL, universal programmer 
GAL, EPLD, & UNIPRO : $399 


microcontroller, etc. 764 San Aleso Avenue 
@ Test ICs (TTL, RAM) 
@ Life time free S/W aoniea eave 
updates on BBS & ( 8) 45-7974 
1 year H/W warranty —- FAX 745-1401 
® Developed & made BBS 745-7256 


In U.S.A. XELTEK 
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BP MICROSYSTEMS 


10681 Haddington ¢ Houston, TX 77043-3239 
800/225-2102 © FAX 713/461-7413 
CIRCLE NO. 334 


DC/CAD 


gota 













CIRCLE NO. 335 CIRCLE NO. 336 


R&M PREDICTION AND 
FMECA SOFTWARE 


Foreman Systems offers software to pre- 
dict reliability, maintainability and FMECA. 
Since 1982, hundreds of users have selected 
from our large, versatile, integrated software 
tamily for military and industrial equipment, 
electrical or mechanical. Program highlights 
include: visible assembly hierarchy, defaults 
and library data, extensive report sorting, user 
defined reports, what-if and derating analysis, 
and concurrent engineering data links. 


@ MIL-HDBK-217 #DTRC-90/010 
@ MIL-HDBK-472 @#MIL-STD-1629 
@ MIL-HDBK-338 @ MIL-STD-756B 
@ Bellcore @ NPRD-91 


=== == POWERTRONIC 
= = >= SYSTEMS, INC. 


13700 Chef Menteur sey. 
New Orleans, LA 70129 























Units —h Cg: 
lo i 2 
| 


600 t pe ae 



















Pa ciHtoh Density Ri Router 
(Complete with Schematic & PCB EDITOR) 


Features the following powerful algorithm & capability: 
¢ Rip-up and Retry 

¢ Pre-routing of SMT components 

¢ Real-Time via minimization 

¢ Real-Time clean up passes 

¢ User defined strategies 

¢ Window 3.0 capability as DOS Task 
¢ 1-mil Autoplacer and Autoplanning 
¢ Two-way Gerber and DXF 

¢ Automatic Ground Plane w/ Cross Hatching 

¢ Complete w/ Schematic & Dolly Libraries 

¢ Optional simulation capability & protected mode for 386 users 


* PCB LAYOUT SERVICE AT LOW COST * 
LEASE PROGRAM & SITE LICENSE AVAILABLE 


MBDESIGN 















A | 
Pieter 


> | 17 OF NE 





Engineering a Better Way 






































Mls Circuit Simulation 


¢ AC, DC, Transient, Fourier, Temperature, MonteCarlo 
and/or Worst-Case Analysis @ Interactive or batch modes 
© Full nonlinear simulation ® On-line real time graphics 
© Multiple plots ¢ 2 to 50 times faster than SPICE 
© Component optimization sweeping ® New 424 pg. manual 
All the Features, Twice the Speed 
at Half the Cost 
Call for FREE DEMO! 
313-663-8810 


Ul, 


Tatum Labs, Inc. 


1287 N. Silo Ridge Drive 
Ann Arbor MI 48108 
























































1771 State Highway 34, Farmingdale, NJ 07727 
(908) 681-7700 « (908) 681-8733 (FAX) 


504-254-0383 FAX: 504-254-0393 
“DC/CAD...The focal point of future CAD market” 
CIRCLE NO. CIRCLE NO. 338 CIRCLE NO. 339 
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PLCC PROBING 





1992 SIGNAL 
SELECTION GUIDE 


SOURCE 
Send for this 
free guide 
featuring a 
range of 
Synthesized 
RF Signal 
Generators+ 
RC and 
Function 
Generators. You'll find more 
capability packed in Fluke's 
generators than anybody on 
the market today. 


Call: 800-44-FLUKE 
FLUKE. 


CIRCLE NO. 341 














IN SOCKET 


® Probe socketed PLCC chips 
@ Lowest profile socketed PLCC PROBE 
® Mechanically and electrically reliable connection 
® Choice of PLCC, PGA, LCC, cable (top socket) 
@ Sizes from 20 to 84 pins 
® Optional height extender 
® Custom design services 
IRONWOOD ELECTRONICS 


P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 


CIRCLE NO. 342 














ADVIN versus DATA I/O 
¢ Data I/O and Model 2900: reputable company, 
dependable equipment, supports 40-pins. Software 
updates: fair amount. 
¢ Advin and PILOT-U40: reputable company, 
dependable equipment, supports 40-pins. Software 
updates: free via electronic BBS. 


ADVIN SYSTEMS INC. 


Smaller Company, Better Service. 
800-627-2456, 408-243-7000, Fax 408-736-2503 






























CIRCLE NO. 340 


WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel® Temperature Monitor. 












































Tempilabel” Ou ice MASTER 
; . DAR (Design Automation Research) is an electronic Your Window 
3. 3 directory. DAR can save hours in searching for ASIC To Emulation 
Eg ey Se : and CAD/CAE vendors. DAR supports the entire Productivity 


CENTERS TURN BLACK AT RATING SHOWN 


-o Easy to learn & use 
= Windowed interface -- 


top-down design process from CONCEPT to 
REALITY. DAR requires a PC with a hard disk. 












wre tere nec 77°C 82°C wre are 99°c aco | eter configurable 
o o 0 0 a g g it} ed Select vendors suite of design tools from a ‘ mw FAST! Download cm 
search form. <3 sec. typ. at 115KB 


m Source Level debug 
w= A4K frame trace buffer with advanced searching capabilities. 


m@ iceMASTER connects easily to oy PC, requires no disassembly, or expansion 
slots. Works on any PC (DOS or 0S/2), MicroChannel or EISA. Even laptops! 


mw iceMASTER is versatile: iceMASTER-8051, iceMMASTER-68HC1 1 and 
iceMASTER-COP8 support most family derivatives. 


= Rental and 10-day trials available. 
m 68HC11 A,D,EF; 8XC528; 8X(552; 8XC51 5A.and 8XC517A support. 


m Call today for free demo disk and ask about a free 
8051 Macro Assembler! (800) 638-2423 


e Pull-down menus. 

e Performs powerful search statements. 

e Works with Microsoft-compatible mouse drivers. 
e Each field contains a search word list. 

e Updates occur on a quarterly basis. 

e $395 annual subscription fee. 


Call for a FREE evaluation disk. 


/)XION 


16321 Gothard Street, #, Huntington Beach, CA 92647 
714/848-3477 


How to putalow cost 
temperature gauge 
on everything. 


Label’s center spot turns black when surface to which 
itis affixed reaches specified temperature. Single- or 
multi-spot labels with pre-determined increment of 
ratings: 100°F (38°C) to 600°F (316°C). 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. 
TEMPIL, Big Three Industries, Inc. 

2901 Hamilton Bivd., South Plainfield, NJ 07080 
Phone: (908) 757-8300 Telex: 138662 
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Metalink Corporation PO. Box 1329 Chandler, Az 85244-1329 
Phone: (602) 926-0797 FAX: (602) 9261198 TELEX: 49980SOMTLNK 


CIRCLE NO. 343 CIRCLE NO. 344 CIRCLE NO. 345 


VGA EXTENDED 700 FEET! 





¢ Schematic 
Entry 





e SPICE 
Simulation 





¢ Model 
Libraries 







¢ Waveform 
Processing 





Something for Everyone. 


































25ns to 120ns 
Se a 512Kx8, 256Kx8, 128Kx8 only $990 
TwinSplit™ E.D. Low Power 
™ Locate VGA monitors up to 700 feet from 32-pin DIP 
computer ™@ 2 outputs available, both up to JEDEC Pinouts 


Futvy INTEGRATED, Easy To use, ANALOG Circuit 
SIMULATION ENVIRONMENT, From ONE VENDOR, FEATURING: 
A powerful SPICE simulator performing AC, DC, and Transient, 
analyses, extensive model libraries, schematic entry, graphical 


700 feet @ Supports all VGA/SVGA cards 
and monitors @ Low-loss extension cable 
available @ Only $549, 1 year warranty 


7] Communications 
VlSpecialties, Inc 


TEL: 516-273-0404 FAX: 516-273-1638 


Commercial, Industrial 
and Military Temperatures 

Military Screening Available 
Certified to MIL-STD-1772 





A wholly owned subsidiary of Bowmar instrument Corporation 
4246 E. Wood Street « Phoenix, Arizona 85040 
Tel: (602) 437-1520 » FAX (602) 437-9120 








CIRCLE NO. 346 CIRCLE NO. 347 CIRCLE NO. 348 
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CATALOG Save 50% m= 
ON OUr 
memory ™* Z 
progr amming system. 
Affordable : Includes the 212 | Full-hex keypad 
tools for Multi Programmer for extensive editing 
programmable | Access to Data I/Os with EPROM Optional logic : 
devices are just toll-free technical module, and and microcontroller ase : : 
a phone call away. hotline and on- PROMIink™ Ltd. modules ; Designed as a diagnostic aid for PC/XT/EISA sys- 
line bulletin PC Interface Manufacturer- | tems, the Wintek PC Bus Power Monitor Card 
ane . ae d ae svar e " specified algorithms ($195) provides a quick way of checking the power 
mbeatable values 0 order your Supports more ensure accuracy supply in a personal computer. LEDs provide a real- 
on Data I/O® device catalog, call Data 1/0 than 400 EPROMs time indication of power quality, as well as remem- 
programmers, Direct today. up to 40 pins -S00- 
software (1-800-332-8246) bering momentary out-of-tolerance operation. A 
updates, and stat Byatetrs ent, ae deluxe model ($249) has an audible alarm, a system 
accessories (1-800-332-8246) Ve Call Data I/0® US. list price only. clock monitor, and a refresh signal monitor. 
30-day, money- ee Direct today to a mmnce 
back guarantee order the 212 intek Corporation 
8 DATA 1/O palate Memory System. DATA 1/O Af WINTEK 1801 South Street 
) alata Lafayette, IN 47904 
| Siete caer een Phone: (800) 742-6809 or (317) 448-1903 
CIRCLE NO. 349 CIRCLE NO. 350 CIRCLE NO. 751 





State Machine 
Design — 


For ical & High Density PLDs 









See ne over 20,000 j 
engineers rely on SCHEMA fe| [| 
for their design needs. 

| “ Schematic Capture 
“¥ PCB layout & routing 


¥ Simulation 
¥ PLD design 


Call 800-553-9119 






Certified by the Semiconductor dusty 


sateen 

















World’s keigae jselbcion. of PC based 
and stand-alone programmers from 


Ee 00 to eau 000. 


1-800-331-7766 yoo 


EVICES, INC. 








The most powerful PLD/FPGA CAE 
design software from $495.00 


1-800-331-7766 LOGICAL! 


CIRCLE NO. 752 









801 Presidential * Richardson, TX 75081 | 
(214) 231-5167 * FAX (214) 783-9072 











CIRCLE NO. 753 CIRCLE NO. 754 





Schematic 
Capture 
for the 
ee Macintosh 


"DESIGNWORKS 

Schematic features Menu-driven, mouse-controlled opera- 
tions ¢ cut/copy/paste between circuits ¢ right-angle rubber- 
banding. Digital simulation 13-state, event-driven simulation 
¢ logic analyzer-style timing window e PLD support. Libraries 
Fully-simulated 7400, 4000, 10K series, PLDs, PROMs and 
RAMs, non-simulated analog and discrete components 
e User-definable, simulated custom symbols. Interfaces 
Formats for Douglas CAD/CAM, Cadnetix, Calay, Orcad, 
Tango, Racal Redac, Spice. ¢ user-definable printers, dot- 
matrix printers, HP, Houston, Roland pen plotters. 


CALL (800) 444-9064 TODAY FOR YOUR 
FREE DEMONSTRATION KIT! 


CAPILANO COMPUTING 










































SIMPLIFY BOARD LAYOUT PAL/PROM Programmer Adapters 


@ Any EPROM programmer designed for DIPs can be 
converted to accept LCC, PLCC, and SOIC sockets in seconds! 
® To program, just insert an Adapt-A-Socket™ between the 
programmer’s DIP socket and the circuit to be programmed. 
® Designed to fit all types of EPROM programmers, including 
Data I/0 120/121A, Stag, Logical Devices, etc. 


® Quick turnaround on custom engineering services, if 

needed. For a free catalog, contact: E 

Phone: 408-982-0660 FAX: 408-982-0664 4 (604) 522-6200 Fax (604) 522-3972 
CIRCLE NO. 755 CIRCLE NO. 756 CIRCLE NO. 757 
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MICRO/Q 1000 ceramic decoupling capacitors 
share board mounting holes with IC pins to 
simplify board design. Now add more active 
devices with increased density in the same space, 
or design the same package on a smaller board. 
Rogers Corp. 2400 S. Roosevelt St., Tempe, AZ 
85282. 602/967-0624 




























Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 


























Imagine if 
YOUR 
product 


could “i ¥< 
talk! ‘ 


To find out how easy 
*" itis to add speech output 
to your own products, call for 


your free V8600 data book today! 


simple 
multitasking 
executive 






FULL FEATURED KERNEL 


task manager O memory manager 
intertask comm. O error manager 
i/o, events, & timing O resource manager 
preemptive O ROM‘able 


EASY TO USE 


libraries for Microsoft C, Borland C/Ct*, 
Zortech C/C++ and assembler 
Quick Start, User's Guide, and Reference 
manuals 
standalone, PC, and DOS platforms 
smxProbe task debugger 














































6 months free support and updates = Converts plain ASCII text m Built in uP, serial and a = ee 

FAST & SMALL into high quality ae printer Seloug The Traditional 
15 usec max. interrupt latency = Use in computers, voice- m Less than $100 in OEM Market Leader In Japan 
150 usec typical task switch mail, warning systems, etc. quantities 
Bio ieee Seo sheysjasne SV Tey bn us Rife La 
Ask about our *95 evaluation kit. supply and speaker available Japan ‘Tel./Fax 81-3-3344-2001 / 2007 


Daisan Maruzen Bldg., 6-16-6 Nishi Shinjuku, 


Call for information: 
MICRO d DIGITAL _Shinjuku-Ku, Tokyo 160, Japan. 


6402 Tulagi St. 1-800-366-2491 
Cypress CA 90630-5630 FAX 714-891-2363 









USA/Canada Phone/Fax: (206) 672-6909 
thell, WA 98012 UK/Europe 81 539 0285 Fax: 81 558 8110 
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CMOS 186 


Single Board Computer 






° ™ a pannererreeten™ . : ie — ree The Complete 
Runs C or QuickBASIC™ Programs 0 ee ar a Electronic Design Solution: 










Powerful 16-bit computer directly executes 

EPROM's containing any C or BASIC .EXE file. 
NO LOCATORS! Software includes multi-tasking, 
multi-drop comm, PID control, OPTOMUX.™ 

















For FREE evaluation software 
and product specs, 


call 800 488-0680 


Tango, the leader in 






e 10, 12, 16 MHz 80C 186 





















































e CMOS design 
© 512K RAM oie PC-based tools for: 
¢ S84K EPROM VMAX® DE2 SOLID STATE DISK DRIVE m@ Schematic entry 
¢ SID BUS Expansion e FAST, faster than hard drive disk access = PCB layout and 
¢ COM] RS232/485 e One year warranty / Made in the U.S.A. sularawting 
Oo a ¢ 100% DOS compatible, bootable m@ PLD design 
° 80C187 Avail e DURABLE, withstands harsh environments : ue 
e PC/AT Bus, fits standard expansion slot @ Simulation, timing 


e OEM discounts 


e Software Included — program SRAM & verification and thermal 























FLASH on-board reliability 
e SMALL size / LOW price ADE: Tachnolodiee | 
. a t Sr is echnologies, Inc. 
MiCcCRO/SYS $135: Gey vcuantity 2 Wada Y 6825 Flanders Drive 


Pricing Available 


TEL: (813) 643-2424 TEMPUSTECH, INC. 


(800) 634-0701 295 Airport Road 
FAX: (813) 643-4981 Naples, FL 33942 


— Telecom Solutions from Teltone 
MICROPROCESSOR ll Gare RENEE errr 


EMULATORS wine 











San Diego, CA 92121-2986 
Service 619 554-1000 
Fax 619 554-1019 







1011 Grand Central Ave., Glendale, CA 91201 
(818) 244-4600 FAX (818) 244-4246 





























CIRCLE NO. 763 





CIRCLE NO. 761 












M-986 transmits and 
receives CCITT R1 or R2 
forward and backward 
multifrequency signals. 
For trunk adapters, test 
equipment, etc. 

@ Single or dual channel versions available 
@ For N. Am. (R1) or Int'l. (R2) toll signals 
@ Binary or 2 of 6 input/output format 

@ Complete microprocessor interface 

@ 40-pin IC, 5-volt power, crystal time base 


1-800-426-3926 


Or: 206-487-1515 Fax: 206-487-2288 


WLELCONE’ 


INNOVATING SOLUTIONS 
ln Telecom Interface Components 





Zax provides a comprehensive 
series of real-time emulation sup- 
port for Motorola, Intel, NEC, Zilog, 
and Hitachi microprocessors. Some 
of the highlighted features include 
source-level debug, real-time trace, 
and performance analysis. 


Call now for more information: 


(800) 421-0982 
(714) 474-1170 (Inside CA) 
(714) 474-0159 (Fax) 


ZAXTEK 













































Free Catalog 


The World’s Largest Collection of Adapters & 


Accessories for VLSI/Surface Mount Devices 


e Emulator Pods & Adapters @ Debugging Accessories 
® Debug Tools ® Prototyping Adapters 
® Programming Adapters ® Custom Engineering 
® Socket Converters ry 
























Emulation Technology, Inc. 


2344 Walsh Ave. Santa Clara, CA 95051 : 
Phone: 408-982-0660 FAX: 408-982-0664 42 Cor por ate Park Irvine, CA 92714 Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 
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VLSI 1s HAPPENING. 


1992 Recruitment Editorial Calendar 





Issue Ad 
Issue Date Deadline Editorial Emphasis 
History is just that. Some great events changed our lives, News Apr.30. Apr. 16 ASICs SPECIAL ISSUE 
captured our imaginations. Now they’re destined for text- Edition FPGAs and EPLDs ® CICC 
books and campfire memories. But you have the chance to Hot Products ¢ ASICs 
take part in history that won’t fade away. Because right now, noe Profile: Northem 
VLSI is happening. Our Tempe headquarters for our Personal : POR 
Computer Products and Government Divisions currently aig May 7 Apr. 16 Communications/Networks 
has the following opportunities. ae bess . sorte diye 
oun mponen S Ower 
S S E Sources ® Electro Show & 
ENIOR SOFTWARE ENGINEERS Products Issue 
The first position entails developing and validating design ELECTRO Apr. 3 A free page available to all 
flows between multiple CAE vendors. Additionally, you will SHOWGUIDE advertisers running a full page 
develop software to support RAM, ROM and Datapath & PRODUCT in 2 out of 3 Electro issues 
compilers on CAE systems and test vector translators. To SPOTLIGHT 
qualify, you need a BSEE coupled with 4+ years’ related News May 14 Apr. 30 Graphics Technology 
experience, as well as demonstrated software abilities and Edition Computers & Peripherals 
strong IC design skills. Knowledge of simulation modeling Magazine May 21 Apr. 30 AnalogICs® Analog CAE ® PC 
techniques, delay calculations and back annotation is also Edition Board CAE ‘Tools ¢ Program- 
necessary Job #6532-CTM mable-Logic Devices 
7 News May 28 May 14 Communication ICs © CAE 
The second opportunity involves specifying and imple- enon OVERS Eee ay 
; : ; ; : Texas, Oklahoma, Kansas 
menting test generation software. The ideal candidate will : 
possess a BSEE/CS and 4+ years’ related experience including ean Leeeae eet DOIG St 
: : Edition CAE/Software/ Interoperability 
ASIX, TEKLT1101, and a variety of test methodologies. 2 
Digital ICs & Semiconductors 
Strong knowledge of test conversion programming software . a Sy ae GR 
: ews une ay 
fe oe programming skills are also important. Edition EDA/CASE Supplement ® DAC 
Jo -CTM Hot Products ¢ Software 
Engineering ® Diversity 
SENIOR DESIGN ENGINEER Special Series 
Working as part of a team to implement functional system Magazine June 18 May 28 Microprocessors ® Electro- 
blocks in chip-level designs, you will help design, develop and Edition mechanical Devices ® ICs & 
productize megacells, megafunctions and functional system Semiconductors 
blocks for use in ASIC and standard product designs. A BSEE SOFTWARE June 18 May 28 SOFTWARE ENGINEERING 
coupled with 3+ years’ digital logic design experience with PC ISSUE SPECIAL ISSUE (To be 
logic functions is necessary to qualify. Knowledge of VHDL polybageed avith sae Js 
eect, : 18th Magazine Edition issue) 
modeling is desirable. Job #6532-CTM 
News June 25 June 11 MILITARY ELECTRONICS 
Edition SPECIAL ISSUE ¢ DSP Hard- 
PC SYSTEMS ENGINEERS ware ® Military Electronics 
You will take responsibility for program management, de- Regional Profile: Florida, 
finition, specification and system design of customer specific Alabama 
PC ICs which are derivatives of our new and exciting Magazine July 6 June 11 INTERNATIONAL PROD- 
PC products. A BSEE (MS preferred) coupled with 5+ years’ Edition UCT SHOWCASE—Vol. I 
experience with hardware motherboard design for PC/AT Hardware & Interconnect 
or compatible PCs is necessary to qualify. Familiarity with Agieiag’ pusoin Sama 6 
DRAM, CPU and peripheral subsystem design for PCs is : 
essential, as is experience as a project team manager. A Magaeiie July 20 dupe 25 INTERNATION GLE 
; : . Edition UCT SHOWCASE—Vol. II 
background managing IC design/development is preferred. 
| Computers & Peripherals 
Job #6250-MU Components ® CAE ® Test & 
Measurement 
We offer a competitive salary and an outstanding benefits News July 23 July 9 Engineering PCs & Worksta- 
package. Please send your resume, indicating position desired Edition tions © CAE Software 


and including appropriate Job # to: VLSI Technology, Inc., 
Professional Staffing, Personal Computer Products and Gov- 
ernment Divisions, 8375 South River Parkway, Tempe, AZ 
85284. Pre-employment drug screen required. EOE 


SIGGRAPH Hot Products 
Graphics Technology ® Eng- 
ineering Management Special 
Series © Regional Profile: 


Arizona, New Mexico 


Call today for information on 
Recruitment Advertising: 





© VLSI TECHNOLOGY, INC. 


; East Coast: Janet O. Penn (201) 228-8610 
IT S HAPPENING HERE 


West Coast: Nancy Olbers (603) 436-7565 


National: Roberta Renard (201) 228-8602 
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YOU SUPPLY THE ENERGY. 





It's no accident that companies worldwide 
turn to us for electrical power protection. 
After all, our line of Uninterruptible Power 
Systems is an uninterrupted success story-- 
one that's meant exceptional growth for us. 
The idea now is to maintain this growth, and 
the way to do that is to continue to do what 
we've done, namely, offer the highest quality, 
most reliable systems. Equally important, 
we'll continue to hire those with talent, skill 
and unlimited energy. If that's you, we invite 
you to join Exide Electronics. 


Electrical Engineers (5) 
Raleigh, NC 


Immediate openings exist for individuals with 
a minimum of 5 years' experience in 
Electrical Engineering and experience in the 
design of low voltage systems. These posi- 
tions will provide system-level design; will 
coordinate UPS systems and will specify 
details of low voltage switchgear, transform- 
ers, and relay circuits. Detailed working 
knowledge of appropriate UL, NEMA, and 
NEC standards needed. BSEE required, PE 
desired. Experience in communicating 
designs using CAD/CAM systems preferred. 


Construction Supervisors (7) 
Dallas, TX 


The qualified applicants will be responsible 
for managing turnkey installation of UPS, 
Generator, and other electrical systems. 
Individuals will make site visits nationally and 
internationally to assess conditions; prepare 
CAD-generated drawings, write specifica- 
tions, request bids and make awards to con- 
tractors, manage and oversee installations, 
estimate costs, and prepare cost accounting 
analysis and profit reports. Successful candi- 
dates must have a BSEE or equivalent com- 


E’LL SUPPLY THE POWER. 


bination of an advanced or specialized man- 
agement position with an overall minimum of 
six years' experience in electrical installations 
and design. Requires a thorough knowledge 
of the National Electrical Code. Prefer knowl- 
edge of computer (PC) operation and training 
in CAD-generated drawings. Must possess a 
valid and current Master Electrician's 
License. 


Sr. Technical Training 
Instructors (2) 
Raleigh, NC 


The successful candidates will instruct UPS 
maintenance schools, including lecturing, 
demonstrating product performance, guiding 
workshops and hands-on sessions; conduct- 
ing problem-solving labs, testing student per- 
formance, providing oral and written evalua- 
tions; developing and maintaining course 
materials, which includes: writing course out- 
lines and writing or modifying technical 
descriptions; producing video tapes to 
include: writing scripts, designing sets, and 
directing and editing tapes. Must possess a 
2-year degree in electronics or equivalent 
specialized training and have a minimum four 
years of test/repair experience and two years' 
training experience. 


Customer Support Engineers (2) 
Raleigh, NC 


The qualified candidates will evaluate perfor- 
mance and adequacy of preventative mainte- 
nance performed; inspecting clean power, 
adequate environmental characteristics and 
adherence to critical adjustments; verifying 
engineering change notices; inspecting and 
certifying local maintenance capabilities. 
Incumbents will take part in or conduct tech- 
nical programs initiated by the home office; 





receive necessary training and take part in 
the initial installation of new equipment with 
product line; assessing the needs of service 
personnel in specialized areas; formulating 
plans of attack on problems and presenting 
them to the customer and/or District 
Manager; scheduling and evaluating person- 
nel and equipment in assigned technical 
areas; maintaining all technical documents at 
the District Office; maintaining evaluation 
checklist package and appropriate forms. 
Requires a two-year degree or equivalent 
specialized training and a minimum three 
years’ experience as a CSE and one year as 
a Systems Field Engineer; requires the ability 
to understand moderately complex mathe- 
matical formulas, charts and engineering 
drawings. 


Schedulers (2) 
Raleigh, NC and Dallas, TX 


Immediate openings exist for individuals with 
a minimum of 5 years' experience in CPM 
scheduling. The individuals will be responsi- 
ble for the input and output of program 
scheduling information in a timely manner. 
Statusing, maintenance and report genera- 
tion are just a few of the individuals’ responsi- 
bilities. The position requires hands-on 
scheduling software training, college degree 
and an ability to work under minimum super- 
vision. 

At Exide Electronics, you'll enjoy the salary 
and benefits you'd expect from an industry 
leader. For prompt consideration, please 
send your resume to: Paul Rousseau, 
Manager of Employment, Exide 
Electronics, P.O. Box 58189, Raleigh, NC 
27658. Exide Electronics in an Equal 
Opportunity Employer. No agency referrals, 
please. 
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Although they are with different companies — together, 


__ Research 
An electrical engineer, an electronics Application technology 


expert, a BASF’s process engineer and ma- 
terials expert are in agreement: they have 
found the cable system for networking the 
terminals. Working together, they have spe- 
cified the requirements for sheathing, core 
and plug connectors and selected the most 
Suitable materials and technologies. When 
the new system is up and running, each of 
them can be proud of his contribution. 
The demands made on the electrical en- nea 
: See : Process engineering 
gineering industry — further miniaturization Service 
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they are providing a new spark in electrical engineering. 


and more integration, extreme product For further information please contact: 
strength, safety, ergonomic efficiency and 

cost-effectiveness — are calling for closer BASF Aktiengesellschaft, ZOM/IU, D 108 
and closer co-operation between this indu- 6/700 Ludwigshafen, FRG 

stry and its sub-contractors. Our contribu- 

tions: thinking in terms of system solutions 


and alternatives, component design, de- Your activities are the yardstick for 
velopment co-operation with manufacturer our work — international commitment 


and sub-contractors, worldwide presence. _ to the electrical engineering industry. 
All based on a wide product range which | 


is tailored to the current requirements of the BASF 
electrical engineering industry. 


CIRCLE NO. 144 
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THE SILENT CHALLENGER 


TASCO Electronics, a recognized leader of digital technology 
in Japan, is introducing a new and exceptionally silent inte- 
grated thermal driver, for installation in many OEM products. 
The amazingly quiet (7OdB) and unparalleled high speed 
(maximum 300 LPM), reproduces the finest graphic details. 
Its compact and maintenance free Carriage is a gift any 
design engineer will be thrilled receiving and put to good 
use in.a hurry. 

The PE-525 being introduced to the world market is worthy 
of your most critical acclaim. Call now for more information 
about the SILENT CHALLENGER. 


TASCO PE-525 
High speed, 
high resolution 
thermal driver 


TASCO Electronics Co., Ltd. 
22511 Aspan St.Lake Forest, CA 92630 
Tel (714) 581-5197 Fax (714) 581-4941 
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Continuing 
the Same 
Standards of 
Editorial 
Excellence 


ASIA 


Launching in May 1992 


EDN Asia will be circulated to 28,000 
engineering professionals in Asia and 
will be published in three languages: 
English, Chinese and Korean. 
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ABBREVIAT 


A/D—analog-to-digital 

BBS—bulletin-board system; an electronic bulletin board ac- 
cessed via personal computers using modems 
CAD—computer-aided design 

CAE—computer-aided engineering 
CAM—content-addressable memory 

CMOS—complementary metal-oxide semiconductor 
CMRR—common-mode rejection ratio 

CPU—central processing unit 

DAC—digital-to-analog converter 

DAM—data-addressable memory 

DDE—Dynamic Data Exchange; a formal protocol that Win- 
dows programs can use to exchange data while running 
DIP—dual in-line package 

DLL—Dynamic Link Library; a program fragment or module 
loaded and unloaded as needed while a program runs 
DMA—direct memory access; generally a faster data-transfer 
method than processor-managed data transfers 

DOS—the disk operating system IBM PC-compatibles use 


ECL—emitter-coupled logic 
EEPROM—electrically erasable programmable read-only 
memory 


EPLD—erasable programmable logic device 
EPROM—erasable programmable read-only memory 
FDDI—fiber distributed data interface 

FIFO—first in, first out 

FPGA—field-programmable gate array 
GUI—graphical user interface 
HMOS—high-performance metal-oxide semiconductor 
IC—integrated circuit 


‘1/O—input-output 


LAN—local-area network 

LSB—least significant bit 

MOS—metal-oxide semiconductor 

MSB—most significant bit 

MSI—medium-scale integration 

NMOS—N-type metal-oxide semiconductor 
NRE—nonrecurring engineering 

OLE—Object Linking and Embedding; a mechanism for em- 
bedding one Windows program in another Windows program 
PAL—programmable array logic 

PC—IBM-compatible personal computer 

pe—printed circuit 

PLD—programmable logic device 

PROM—programmable read-only memory 
RAM—random-access memory 

RC—resistance-capacitance 

ROM—read-only memory 

S/H—sample and hold 

SPICE—a public-domain analog-circuit simulation program 
from UC Berkeley : 

SSI—small-scale integration 

TLB—translation look-aside buffer 
TSR—terminate-and-stay-resident program; a kluge that, to 
a slight degree, makes up for the lack of multitasking in DOS 
TTL—transistor-transistor logic 

VDMAD—Virtual DMA Driver; a Windows multitasking 
mechanism 

VPICD—Virtual Programmable Interrupt Controller 
Driver; a Windows multitasking mechanism 


“NASI NR VR RPGR IR tS EI DRO BO en OR Vers ORO OS it DSR Ree Poole RReNanur eh Went yfaPO TOW Umno Ne 
This list includes acronyms and abbreviations found in EDN’s Special Report, Technology 
Updates, and feature articles. 
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SPDT es with built.in driver 


ABSORPTIVE or REFLECTIVE dc to SGHz 


Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive SPECIFICATIONS (typ) 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $19.95. So why bother designing and building a driver interface to Absorptive SPDT Reflective SPDT 
further complicate your subsystem and take added space when you can YSWA-2-50DR YSW-2-50DR 
specify Mini-Circuits’ latest innovative integrated components? ZYSWA-2-50DR ZYSW-2-50DR 
Check the outstanding performance of these units...high isolation, — Frequency de- 500- 2000- dc- 500-  2000- 
excellent return loss (even in the “off” state for absorptive models) and 3-sigma (MHz) 500 2000 5000 500 2000 5000 
guaranteed unit-to-unit repeatability for insertion loss. These rugged devices sles RON aeY ss en a ni i 
operate over a -55° to +100°C span. Plug-in models are SOURUOT 
housed in a tiny plastic case and are available in tape- . aad ast rein ae res o a 
~ and-reel format (1500 units max, 24mm). All models ala tae i, ioe yee Be £4 rhe 
are available for immediate delivery with a one-year | Video Bkthru 30 30 ~° 30 30 30 30 


guarantee. } ee (mV.p/p) 
% SO Sw. Spd. (nsec) 3 3 3 3 3 3 

finding new ways... a ge Ma Price, $ ‘YSWA-2-50DR (pin) 23.95 YSW-2-50DR (pin) 19.95 

setting higher standards , , j (1-9 qty) ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95 


[IMini-Circuits ~~” 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 F141 REV. C 
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= IR announces 
' Ultra Fast IGB Is: 
Wes our 600V power 

y “W\\\ transistors that 

\ switch faster and 

run cooler than 

any yOu ve ever used. 


Forget about bipolar Put these 





breakthrough devices in your high- 
voltage, high-current, medium-fre- 
quency applications and get perfor- 
mance unparalleled for the price. 
Which should come as no sur- 
prise. IR IGBTs build on the same 
proprietary technology that made 
IRs HEXFE Ts” world leaders. 








Call | (213) 640-6534 and 
ask about Standard, Fast or Ultra- 
Fast IGBTs, optimized for your 
operating frequency. And available 
from IQA to 70A, in commercial 
or hi-rel packages. 

We'll be happy to arrange 
a screening. 


I¢eR| International Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST,, EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910 348-6291, TELEX 472-0403, EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219 
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~ Pack more log 


logic 
into — FPGA. 


NEW ABEL-FPGA helps you get the technology. So, ibe can create more complex fe tur res of its device 

most out of the latest FPGAs. If you - desions witt :  _— a 
want to take advantage of the ne 

se capabilities of tod y S FPGAs, 

~_ Data 1/0®’s new \E 











